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PREFACE. 

This book is written for the special information of ( 
Engineers and Firemen who have to do work on their I 
Engines while away from repair shops. If is only j 
what its title implies — that is a ready Reference di- 
recting what should be done in emergencies. Most 
of the reasons why the instructions should be fol- 
lowed, will be found, at the latter part of this book, 
under the head, "The Reason Why." This sec- ' 
tion has its own index. If you are not sure you are } 
right inquire of some one who knows. Some of my > 
instructions are different from shop practice and are J 
so of necessity, because you would not have the same ? 
facilities for doing the work while away from the 5 
shops. For example : In my methods for dividing l 
valves with the steam chest lids off, it is taken for j 
granted that the links lift both alike, that the saddle ) 
pin is in proper position, and that the radius or curve \ 
of the link is correct. Such work must be corrected J 
in the shops but it is not probable that any of these > 
would get out of order by ordinary use, and by using J 
the methods given the valves will beat square in the > 
place where they are mostly used, and in a large 1 
majority of cases will be correct in every notch, if < 
they ever were right. 

I cannot find time to reply to all of the numerous ( 
and flattering letters sent me by the readers of the < 
Ready Reference. I value those letters very highly ( 
and I thank the writers with all my heart. It is ) 
pleasant to ma to feel that I have been of some bene- ( 
fit to some person. I hear that the book has been J 
transferring a number of the Bi 
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FROTECT YOURSELF FROITOTROACHING TRAINS. 



BROKE DOWN. 



DISCONNECTING. 



I Tien an engine is to be towed by another enginfe 
main rods should be taken off; the valve ro< 
should be disconnected and tied to clear the rockei 
arms. Be careful to put all liners in the strap whei 
they belong. In freezing weather if the fire is draw; 
drain all water out of pumps and injectors 
well as out of all feed and branch pipes. If thei 
are no frost plugs, slack the joints to let the wat 
out. If there is danger of water freezing in tt e 
boiler run it out of both boiler and tank, 

BLOCKING CROSS-HEADS. 
It is best always when it can be done, to bloi k 
cross-heads at the extreme back end of the guidi s 
On some eight-wheeled connected engines this cat 
not be done, as the front crank-pin will not clear t le 
cross-head key. In this case it is best to block tht m 
well with piston at front end of cylinder with val| re 
arranged to cover the ports, or to admit steam ir to 
the back end of the cylinder, providing the fro at 
part of the valve or frout steam-port is not broke a, 
in which case steam must be in the front part of t le 
cylinder, and have the valve-stem welL cVwm^ 
Cross-heads need not be VAocVeA \i X\ve\e \a -o 
e in the boiler. 




ENGINE OFF TRACK. 
If engine is in such a position as to leave crown 
''• sheet or flues unprotected by water, draw the fire ; 
\ or if you cannot draw it, smother it with earth or 
? sod, snow or fine coal. Ask head-quarters at near- 
i est telegraph office for assistance. 

CLAMTTNG VALVE STEMS, 
f A valve-stem can be clamped usually by screwing 
\ up the nuts on one side only. Where metallic packing 
\ is used in the stuffing boxes, you must wedge the 
\ valve rod or tie it in such a position as to bind the 
) valve-stem to prevent the valve moving. You can 
< tell when the valve is in proper position to cover the 
j ports by admitting a little steam into the cylinder 
{ and notice that steam does not come out of either 
j cylinder cock on that side. 

WATER FOAMING IN BOILER. 
j Open cylinder cocks. Close the throttle-valve 
j gently until the watersettles solid, then try how much 
i water theie is in the boiler. Open the surface cock, 
) if there is one. Put pumps and injector to work, if 
\ necessary. Open the throttle gently and work the 
■ foul water through the cylinder ; close the throttle 
> often and try the height of the water. Be very care- 
j fill in admitting steam into the cylinder, or you will 
"> knock the packing down or the cylinder-head out. 
} If the cause of foaming is found to be grease in the 
'• tank, flow the tank over when you take water, and 
5 if you can get about one-fourth of a peck of unslack- 
* ed lime put it in the tank. A piece of blue-stone 
y about the size of a hickory nut, put in the hoselback 
I of the screen will prevent foaming. This can be 
/had in any telegraph office. 
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PUMPS WILT, NOT WORK. 
See if there is plenty of water in the tank and that / 
tbe tank-valve is connected; open the heater cock a 
few seconds, then open tbe pet cock, then close the I 
heaterand try the pump, if it will not work then slack 5 
down thelower pump joint. If the water flows freely 1 
move the engine about a dozen revolutions, then < 
tighten up tbe joints, If ike water does not flow freely, \ 
the feed-pipe, strainer or hose is choked (inside lining j 
of hose may be torn loose) and must be cleaned out. j 
If the pump will not work wnen tbe water flows \ 
through the joints, take the lower valves out and J 
see that they are free. If you still find nothing ( 
wrong the pump must be repaired at the shop. 

PUMPS AND INJECTOR FATL. 

Cover the fire dead. Stop as soon as possible and \ 
proceed to examine as directed above ; by slacking) 
the lower joint of the pump first, you find at oncej 
where the trouble is. If the water flows freely, you C 
will know there is nothing wrong with the tank valve, \ 
hose, strainer or feed-pipe, and then by running a J 
few revolutions with the waterflowing from the joints J 
you can often wash out any small obstruction from 5 
under tbe lower valve of the pump. 

If water gets too low to allow time for examination). 
draw the fire and notify headquarters from the nearest \ 
telegraph station. No injector will work well if there j 
is the slightest leak in the feed-pipe, and some will J 
not work at all. A very small spark in the steam noz- J 
zle of an injector will prevent its working. If an in- ' 
jector flies off only when the engine is running fast < 
and works well at other times, the hole in the washer? 
at the end of the feed pipe is too large; take it out ( 
and try a washer with au inch and a ip.'ifi.wMt'TO,' __ 
Always examine and see that tb,ebTattda.^v^&\s<issai. 



If engine is disabled on one side : as long as the 
! main rod, guides and cross-heads are in working 
~>rder, (if the pump arm is attached to the cross- 
iead), you can work the pump on that side by tak- 
ug out the piston, leaving the main rod on. 

BURST FLUE. 
Reduce the steam pressure and plug the fiue. A 
wooden plug will answer if you have no iron plug. 




Stop as quick as possible ; get fire out at once and 
notify headquarters from the nearest telegraph sta- 
":on. If desirable, you can make a wooden plug to 
fit the hole, split it at one end, put it in the hole and 
drive a wooden wedge in the split, fill your boiler 
and fire up, and you can go on your way. 

WniSTLE BLOWN OUT. 
Fit a wooden plug in the hole and secure it with 
any kind of a lever, wood or iron, using ropes to 
secure the lever. 



THROTTLK-V VI, YK HI-'- \ FILED, i HI ('ANNOT I' REVEST 
BTEiMFBOM ENTERING THE CYLINDER 
FROM ANY CAUSE. 
See that the leak is not caused by the tallow cup, 
steam cocks being open, if it is not reduce the steam 
pressure low enough to handle the reverse lever. 
Then use the reverse lever and brakes, to control 
the engine. Try to get your train to a siding. When- 
ever you stop have the reverse lever out of gear and 
use chocks under the wheels. If the throttle-valve it 
disabled so that it cannot be opened, if the engine has 
steam chest tallow pipes leading from the cab, you 
run the empty engine by using steam from them; 
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PROTEC T YOUR SELF FROM APPRO ACHING TRAINS, 

if not, draw the fire and prepare the engine to be 
towed to the shop. In both cases notify head- 
quarters from next telegraph station. 



Take out the branch-pipe on that side, bolt a piece 
of plank against the T head, using a piece of rubber 
for a joint. Take down the main rod on that side; 
disconnect the valve-rod, and tie or clamp it to clear 
the rocker-arm. Leave your train, and run, under 
light pressure, to next telegraph station and ask for 
orders. 

BROKEN CVLINDKK-IIKAI), PISTON, MAIN ROD OR 
STRAP. 
Take down main rod on that side. Block the 
cross-head, disconnect the valve rod, and cover the 
ports with the valve. Clamp the valve-stem, so 
that the valve cannot move. Tie the valve-rod 
clear of the rocker-arm, then you are ready to go 
with all the train you caulhandle. 

BOTH FRONT CYLINDER-HEADS BROKEN. 

If A?/A//w//cyliuder-heads are broken and nothing 
is wrong with piston or valve gear or their connec- 
tions, an engine can be run by taking off both steam 
chest lids and fitting blocks of wood in the front 
steam ports, then replace the lids and you are ready 

go with all the train you can haul. 



BROKEN ROD SET SCREWS. 
If it is required to remove a key from a rod, if the 
set screw is broken and cannot be backed with a 
chisel, if io the back end of a main rod, take the strap 
bolts out of that end of the rod, aud block the cross.- 
head; then with a pinch bar move ttia cu^vae. m\a&. S 
the key is loose. If thesetscrew isbto^ett\\vav M ^~\ 
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lei rod, take the bolts out of the strap where the 
screw is broken, block the other drivers and with 
pinch bars slip the wheels until the screw is loose. 

BROKEN CR03S-HEAB 

Take down main rod ; disconnect valve- rod on that 
side. If the piston is broken, cover the ports with 
valve, clamp the valve-stem, tie the valve* rod to clear 
the rocker -arm; you are then ready to go with all the 
train you can haul. If the piston is not broken, push 
it against the front cylinder- head and block the cross- 
head. If the cross-head is broken so that it cannot 
be blocked, take the piston out, or if yon cannot take 
it out push it against the front cylinder-head and ar- 
range the valve so as to admit steam into the back 
end of the cylinder and clamp the valve-stem well. 

BROKEN" 8MIJKK BOX FRONT. 
Board it Up close, using the front end bolts to 
hold the boards. 

ECCENTRIC, ECCENTRIC-ROD OR STRAP BROKEN'. 
Take both eccentric rods and strap down on that 
side. Cover steam-ports with valve; clamp the valve- 
stem so that the valvecannot move. Take down the 
main rod and block the cross- head. It is not always 
necessary to take down the back motion, eccentric- 
rod and strap, when the forward motion is disabled, 
but the link lifter must be disconnected. 



You can find which side is disabled by getting the 

cross-head in the centre of the guides on either side ; 

then admit a little steam into thecylinders, and move 

the reverse lever to its extreme points both ways. If 

*£^gradoes not come alternately irom twta cylinder- 
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PROTECT YOURSELF FROM ARPROACJIlNfi IRAKIS, j 

cocks on the side that is on half-centre as the reverse J 
lever is moved, that side is disabled; then take off the J 
steain chest lid. If the valve-joke is broken place the J 
valve in the chest so as to cover the steam-ports. S 
Block it with wood at both ends so that it cannot i 
move. Put on the lid, disconnect the valve-rod and tie < 
or clamp it to clear the rocker. Take off the main ? 
rod and block the cross-head. The engine is then > 
readyto go with all the train it can haul. If the valve-l 
stem is broken inside the steain-ehcst, take the Stem out \ 
and plug up the stuffing-box with a wad of waste or ) 
packing, using the gland to hold it there. Block ( 
the valve and disconnect the same as above. 



VALVE BROKEN. 
Take the valve out. Lay a piece of inch board 
with one flat surface on the valve seat. Have the 
board large enough to cover all the ports. Lay the 
valve on top of the board, in the centre of the chest; 
block the board and valve so that they cannot move; 
leave the valve-yoke out; put on the steam-chest lid; 
plug up the stuffing-box with a wad of waste or 
packing, using the gland to hold it there ; take off 
the main rod and block cross-head. The engine is 
then ready to go with all the cars it can haul. 



Take the broken parts off. Cover the ports with 
the valve. Clamp the valve-stem so that the valve 
cannot move, Take off the main-rod and block the 
cross-head. The engine is then ready to go with 
all the cars it can haul. 

BROKEN VALVES-KA.T. 
Disconnect the valve-rod. If front port is bioken. . 
push the valve back so as to cover ex\ia.\isXWicOa'&.'£s- 
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PROTECT YOURSELF FROM APPROACHING TRAINS. 

s tea in ports. Block the valve so that it cannot move; 
tie the valve-rod to clear the rocker-arm; take down 
the main rod and block the cross -head. If the back port 
is broken, block the valve so as to cover the exhaust 
and front steam-ports; tie or clamp the valve-rod to 
clear the rocker-arm. Take down main-rod and 
block cross-head. If the bridge between the exhaust and 
steam-ports is broken, block the valve so as to cover 
all the ports, then with the main rod off, cross-head 
blocked and valve rod clear of the rocker, the en- 
gine is ready to go with all the cars it can haul. 

SADDLE-PIN, LIFTER <)I£ LIFTING-ABM RBOKEN. 
Take the link-lifter off. Fit a piece of wood in the 
slot between the top of the link and link-block for the 
link to rest on, make the block long enough to hold 
the link as high as you desire to have the engine cut 
off and tie the block in its place. Run carefully, 

BOTTOM BGCKEB-ABM BBOKEN. 

Take down both eccentric rods and straps on that 
side. Covertheportswiththevalve; clamp the valve- 
stem so that the valve cannot move; take the link off 
by disconnecting the link-lifter from the lifting arm; 
take down the main rod and block the cross-head. 
The engine is then ready to go with all the cars it 
can haul. (See page 17 of the Reasons Why at the 
end of this book.) 

BROKEN TUMBLING-SHAFT OB REACH-ROD. 

Fit pieces of wood in the slots of both links, to 
hold the link as high as desired. As you cannot 
reverse, mn very carefully, and control the engine 
with the brakes. 

TO FIND AN ENGINE 0ENT8E. 
In case of a slipped eccentric or to find an engine 



j PROTECT YOURSELF FROM APPRO ACHING TRAIN S. 

jinches long having one straight edge, get the engine 
jasnearthe centre by the eye as you can, then lay the 
j straight edge on top of the back end of main rodstrap, 
sallowing it to project as far as the main driving axle; 
(then move the engine until the outer edge of the 
jaxle will show an equal space when the straight edge 
(is pressed against the bottom of the strap as it shows 
f when on top of the strap. You will then have the 
j engine on its dead-centre. If you have a pair of 
I dividers scribe a circle the exact size of the strap, 
i around the driving axle, then move the engine until 
?the straight-edge shows that the strap is in line 
J with the circle from the top and bottom of strap. 



SLIPPED ECCENTRIC. 
On engines having rock-shafts, the eccentric always 
follows the aank pin in the direction that the Engine 
is moving; for example, if the engine is on its forward 
centre, the forward motion eccentric should be up- 
wards and the back motion downwards, each inclin- 
ing a little ahead, so you can always tell if an eccen- 
tric is out of place by its position with the crank -pin 
on its own side. If you find that an eccentric has 
slipped, get the engine on forward centre, and if for 
example, forward motion eccentric is slipped, put the 
reverse-lever in extreme back notch; mark the valve 
stem close to the gland, then put the reverse-lever 
in extreme forward motion notch and turn the loose 
eccentric until the mark on the valve-stem comes to 
the place where it was made; then secure the eccen- 
tric with the set-screws. Be sure that the full part 
of one eccentric is above the crank and the full part 
of the other is below the crank. Both eccentrics 
must not be in the same position on the axle. Use 
the forward centre for setting either backot %sv»wx&. 
motion eccentrics. 



j mc 




LAP AND LEYD OF VALVES. 
When an Engine is on its dead centre, if the valve 
shows that thesteam port is open the size of the open- 
ing is called the outside lead, the difference of the 
distance between the out edges of the steam ports 
and the length of the valve, gives the amount of out- 
side lap. Forexample: If one steam portis oneinch, 
the bridge i inch, then the exhaust port 2' j inches, 
then the other bridge 1 inch, and last the other steam 
port 1 inch, it makes altogether 6'^ inches: now sup- 
pose the valve to be 8 inches long, it has i'.-i inches 
whole outside lap ; to get the lead on the exhaust 
measure from theiuside edge of one steam port to the 
outside edge of the other steam port, which includes 
both bridges, the exhaust port and one steam port, 
substract this distance from the space on the valve, 
measuring from the out edge of the valve to op- 
posite edge of the cavity in the valve, including the 
cavity. For example; Suppose the exhaust port to be 
2)- inches, each bridge 1 inch. making 2 inches more, 
and one steam port 1 inch making altogether 5 1 .- 
inches; now suppose the cavity of the valve to be 4^ 
inches, and one edge of the valve to be 1 % inches, 
you have altogether 6, \{ inches : subtract the 5,14 
inches and you have '}% of an inch, which is the 
amount of lead on the exhaust. 

LAME EXHAUST AND SETTING ELIDE VALVES. 
An engine may become lame in the sounds of its 
exhaust in four ways: 1st — The valves may need di- 
viding. 2d — An eccentric or strap or some of the 
valve-gear may become loose. 3d— One exhaust noz- 
zle may become choked or closed smaller than the 
other. 4th-Amain-rod may have been liued too long 
or loo short; in eitherof these cases au engine will not 
beat square. The quickest way to divide valves, is by 




PROTECT YOURSELF FROM APPROACH ING TRAIN S. 

the sound of the exhaust. Watch, the cross-head and 
if a heavy beat occurs as it comes near the back cen- 
tre, shorten the eccentric rod. If the heavy beat is on 
the front centre, lengthen the eccentric rod. This rule 
applies to forward or back motion. Do not lengthen 
or shorten more than a sixteenth of an inch, this may 
be too much or too little — a few exhausts will tell you. 
Another plan is to move the engine over its centres 
and make a mark on the guides at both centres and 
at the exact point at which the cross- heads stop; then 
open the cylinder cocks and move the engine until 
steam begins to come from one of the cocks; then 
measure the distance that the cross-head has traveled 
from that centre, If steam came from front cylinder- 
cock measure from front centre, then move the engine 
in the same d irection, (having the reverse lever always 
in the same notch) until steam begins to come from 
the other cylinder cock (on the same side, land meas- 
ure the distance traveled from that centre. Ifthe dis- 
tance traveled from the front centre is greater than 
that traveled from the back centre, shorten the eccen- 
j trie-rod; but if the distance traveled from the back cen- 
tre is greatest, lengthen theeccentric-rod; then try the 
measurements on the cross head again and lengthen 
or shorten the eccentric rod until the distances 
traveled by the cross head are equal. (Itwill answer 
the same purpose if the engine is moved until it gets to 
the exact points at which the steam teases to come 
from the cocks instead of the points at which it begins 
to come.) Always move the engine ahead to set for- 
ward motion and back for back motion. This rule 
also applies to forward or back motion, and both rules 
apply only to engines having rock-shafts. Ifthe 
gine has no rock-shaft use the words lengthen for 
shorten, and shorten for lengthen the eccentric- rods 
in both rules. 
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DIVIDING VALVES WITH LIDS OFF. 

Find and mark on the guides the exact points at 
which the cross-heads stop at both ends of the guides, 
examine the eccentrics and see that they are in proper 
position on the axle; that is when the engine is on its 
front centre (if the Engine has rock shafts) the full 
part of the forward motion eccentric is upward and 
the back motion downward. Then put the reverse 
lever in the notch where the engine is usual y worked, 
say the 4th from the front. The engine is now on its 
fonvard centre. Now bar her ahead (or move her with 
another engine.) As the engine is moved the valve 
will move back for a while aud then return, then as 
soon as the front edge of the valve is just even with 
the frontedge of the steam-port, stop moving the en- 
gine and measure from the mark you made on the 
front end of the guide to the front edge of the cross- 
head Note this measurement, Let us suppose it was 
11 inches; now move the engine until the back edge of 
the valve is just even with the back edge of the back 
steam port,, then measure the distance that the cross- 
head has moved from the mark made on the back end 
of the guides. We will suppose this to be 13 inches, 
which shows that the valve did not move far enough 
back, consequently the eccentric rod must be length- 
ened (or the valve-rod shortened) to cause the valve 
to cut the steam off when the cross head has moved 12 
inches from each end of the stroke, then divide the 
other valve in the same manner, put the reverse 
lever in a similar notch, (say the 4th from the back) 
and divide the back motion, moving the engine back- 
ward. Pay no attention to full stroke, that will be 
all right if they show right in the fourth or any of 
the other notches. If the Engine has uo rock shafts 
use the words shorten for lengthen and lengthen 
for shorten in (his rule. 
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BROKEN PARALLEL-ROD OR STRAP. 
Takeitoff; also the rod on the opposite side. If a 
back rod on a six-wheel connected engine breaks, 
only the back rods need come off. If the front paral- 
lel rod is broken, all the parallel rods must come off 
on both sides. You can run with main rods but 
must leave your train and notify headquarters at 
next telegraph station. 

SPRING OK SPRING-HANGERS BROKEN. 
If driving spring or hanger, take it out. Jack the 
engine up behind; pry up the low end of the equal- 
izer until it is level and block with hard wood. Take 
out the spring-saddle and block with hardwood be- 
tween the driving box and frame. If you have no 
jacks, block up close on the tops of all the driving 
boxes using nuts or washers, and run the pair of 
wheels that have broken springs on wedges or blocks 
of wood; this will ease thestrainon thegood spring, 
and you can then pry up the equalizer and block it, 
then remove the wedges from under the drivers and 
run the wheels with good springs on the wedges. 
This will give space to put a block on top of the 
driving box with the broken spring, then run the 
engine off the wedges, remove the nuts from the 
tops of the driving boxes and you are ready to go. 

BROKEN CRANK-PINS. 
It main (rank-pin breaks, take off main rod on that 
side and all parallel-rods on both sides. Block the 
cross-head; disconnect the valve-rod on that side; 
cover the ports with valve; clamp the valve-stem and 
tie the valve-rod to clear therocker. Leave thetrain 
and run with one main rod to next telegraph station 
and report condition of engine If a front crank -pin 
is broken, take off all parallel -rods; leave the traiawuSL 
run to next telegraph station and report.. ^ \s*k>&. 
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crank-pin is broken, take off both back parallel-rods 
and then you are ready to go on. 
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BROKEN EQUALIZER 
Take it out, also the springs to which it is attach- 
ed. Jack that side of the engine as high as the other 
side: takeout thespring-saddles(if you can )and block 
up close with nuts and washers on the tops of the driv- 
ing boxes where the broken equalizer was. If you 
have no jacks, block with nuts on top of all driving 
boxes; move one pair of drivers that has no spring 
over it on to wedges or blocks, and block with hard 
wood on top of the driving box that has wheels resting 
on the rail; then remove the wedges and place them 
under the other driving-wheels. Move the engine 
on them and block on top of the other driving box. 
Remove the wedges and all nuts used for blocking 
on the other boxes, and you are ready to go. 

TIMS BROKEN. 
If main tire, send by nearest telegraph station to 
head-quarters for assistance. 

FRONT TIKE. 
Run the wheels with broken tire on blocks or 
wedges to raise them high enough to clear the rail. 
Take out the oil cellars; put blocks of wood between 
the axle and pedestal caps; slack the front parallel- 
rod keys. You need not take side- rods off. Run slow. 

BACK TIRE. 

See Hem special cases of broken tires on page 24. — 
Take off both back parallel rods; run the wheels on 
wedges or blocks high enough to clear the rails;! 
take out the oil cellars, and block with wood be- 
tween the axle and pedestal caps, leave the train and 

7 slow to next telegraph station and ask for orders. 



ENGINE TKUCK WHEEL OR AXLE BROKEN. 
Jack it up clear of track and chain it there, then 
run very slowly, especially over frogs, to next sid- 
ing, and send word to head- quarters from nearest 
telegraph station. 

FLANGES OF WHEELS BROKEN. 
Run very slow especially over frogs. 

DRIVING AXLES BROKEN. 

If front driving aik on n .-ii-a,h,-,l e-nmreled engine- or Itark driving 

•uli: an a fitiir-uhttlfi. (■.iitirccied enyiii in broken. 

Take off all parallel-rods; if axle is broken outside 
of ilw driving box remove the wheel that is broken off, 
and block up the axle from the pedestal cap; see that 
the axle is parallel with the other axles and allow 
the good wheel to rest on the rail. If the axle is 
broken inside of the driving box. so that the wheel 
cannot be removed, raise the wheels with broken 
axle to clear the rails and block them from the 
pedestal caps. You must leave your train and move 
very slowly and cautiously to next telegraph station 
and notify head-quarters. 

R*u-k dririwj axk oh- a x'.f ithcii ounedcd engine Broken. 

If axle is broken outside of box remove the wheel 
that is broken off: take off both hack parallel- rods, 
block up the axle from the pedestal cap as near paral- 
lel with the other axles as possible, allow the good 
wheel to rest on the rail, leave the train and run 
slowly to next telegraph station and report. If the 
axle is broken inside of the bearings take off both pa- 
rallel-rods, raise both wheels to clear the rails, block- i 
ing from the pedestal caps and proceed without train. > 
Main Driving Axle Broken. 

If broken outside of driving /w_r,take off all parallel- J 
rods, remove the wheel that is broVe'o. oS, VsJte. c>S. -^ 
main rod, block cross- head, discounecVNaX^j^^^j^Jl} 
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cover ports with valve and clamp valve-stem on dis- 
abled side; block up broken end of axle from pedestal 
cap; leave the train and move engine very slowly to 
nest telegraph station and report to head- quarters, 
driving axle is broken insutt of driving box, all 
you can do is to report to head-quarters from nearest 
telegraph station, and prepare theenginetobe towed. 

SperUi! euzea -if broken (ires mid h--nl im<l broken Jri'i'i; aifri 

In some cases driving axles cannot be supported 
from the pedestal caps, as for example: The rear 
(drivers of a Mogul Engine. In all these cases discon- 
nect the Engine the same as directed above, then 
get a piece of timber or rail road bar about the 
length of the axle and ran it through between the 
arms or spokes of the wheel, catching both wheels 
on that axle; this of course will prevent them from 
turning. Then if your main axle is not disabled, you 
can run your Engine to the nearest siding with the 
wheels sliding and ask head quarters for orders from 
the nearest telegraph station. 

TESDEi: WHEEL OR AXLE BROKEN, 

Lay a piece of timber (a railroad bar of proper 
; length or a cross tie willdo,)across the top of the tank 
;ou the apron; put blocking under the timber so that 
the apron may not be damaged ; jack up the broken 
wheel or axle and chain both ends of the truck to 
the timber to hold the wheels clear of the rail. 

KNGIKE BLOWING. 
An engine may seem to be blowing if the exhaust 
nozzles are badly choked, but if an engine blows only 
while passing ils centres, something is wrong with the 
packing in the cylinder. For example: if the right 
side packing is slack the blow will occur while the 
'engine is passing both front and back centres on the 
( right side. If the blow occurs white passing over one 
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centre only, and does not blow while passing over the 
other centre on the same side, there is a hole in the 
follower or spider on that side, or if steam- packing is 
used in the cylinder, one of the rings is broken, in 
which case steam will come from both cylinder- cocks 
on that side while the cross-head is passing the blow- ; 
ing centre. If steam does not issue from both cocks 
at that point the blow is on tbeother side of the engine 
and is either a broken valve or valve-seat, a loose 
valve- seat or a hole or crack in one of the steam-port 
bridges. If an engine blows constantly while in mo- 
tion, the trouble is in the valves or steam-pipes. If 
whUe <"/ engine /.-.- uvrking, steam comes at the same 
time from both cylinder cocks when the upper arm of 
the rock shaft is perpendicular, the valve is blowing 
on that side. It may need facing, or sudden heavy- 
reversing may have caused it to become cocked or to 
stick fast in its yoke, in which case takeout thesteam- 
chest tallow cup and with a punch drive the valve 
down; or the reversing may have bent the valve-stem, 
and if a valve-stem is bent only a little the valve will 
blow under a light throttle, but may not blow while 
the engine is pulling heavy. If an engine is stand- 
ing, steam will not come from the cylinder- cocks on 
the side that has the ports covered, even if the valve 
does blow. Unless the engine is moving, the steam 
will pass directly through the exhaust up the stack. 
A leaking steam pipe makes a noise like a blower, 
sometimes caused by joints becoming loose. If you 
have any doubt about which side the engine is blow- 
ing, open the smoke box door and give her a little 
steam, you can then see which exhaust-pipe thesteam 
comes from, which will show the side that is blowing. 
Then if you have any doubt about whether it is valve 
or packing, get the engine at half-stroke, take off the . 
front cylinder-head and arrange. ftievaiMe 'vj *&sssa\ 
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steam back of the piston, you can then see if the steam 
comes from the steam-port or packing. 



RETTING UP WEDGES. 
Do not be deceived and think wedges are slack 
when running on a rough road, when the ground is 
frozen solid. Engines should have steam up to have 
wedges adjusted. Get the engine on a level and 
straight track, then get her at half stroke on one side 
with crank-pin upward; then block the wheels on the 
other side, so that when the engine is moved against 
the blocks the driving boxes will press the shoes, 
leaving the wedges free; move the engine against the 
blocks, and slack all the side-rod keys. Be sure that 
the rods are all loose, that there is no steam in the 
cylinder, and that the axles are parallel with each 
■ other. You must use a tram to find this out. Then 
\ set up all the wedges on the side that is on half centre; 
; screw them up solid, and make a mark on thepede- 
i stal. Then draw them down until in your j udgment 
they are free enough, usually about one-eighth of an 
inch. If there is any lost motion in the wedge bolt, 
fit pieces of hard wood between the wedge and pede- 
stal cap and draw the 'wedge down solid on them. 
Then get the engine on half stroke on the other side. 
Use every wedge in the same manner. Don't forget 
to jam the lock-nuts. You will then want to key the 
side rods. To do this, get the engine on its parallel 
centre and key that side, beginning at the main pin. 
Be sure that the other ends of the rod are free. Do 
not key too tight. Remember that the engine is on 
a straight track, and when it gets on a curve the rods 
will be cramped, and if you do not give them play, 
they will take it and probably hot pins or cut brass 
will be the result. Afterkeyingthematnpinbrasses, 
f key the back end, thenona ux-witeel connected engine, 
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key the front end. On an eight-wheel connected engine, 
key the front pin last, then place the engine on its par- 
allel centre on the other aide and key that side in the 
same manner. Then move the engine on the other 
centres opposite to those on which they were keyed 
and see that the rods are free. .It is well also to try 
them on quarter centres, as on old engines the pins are 
apt to be worn out of true. Leave your side rods free 
— it is no injury to have them rattle a little, especially 
if the driving boxes are well worn. It takes power 
away from the engine if side rods are snug. Key the 
back end of a main-rod en- centre, and be sure you have 
all the steam out of the cylinder. Key the front end 
of a main-rod on the down half centre, and no steam 
in the cylinder. 

FILING AND LINING EOD BRASSES. 
Do not file one pair of side- rod brasses, without ex- 
amining all of the others; do not have one pair loose 
and the others snug — all should be filed and lined 
alike. Use calipers and a flat surface of some kind. 
Caliper the brasses between the edges to be filed and 
the back of the brass. File until both edges caliper 
alike, then test the edges filed on some flat surface; if 
the brass rocks, file the high places until the brass is 
true. Only file a little at a time aud try it often with 
calipers and flat surface. Brasses do not always need 
filing when they knock, sometimes they do not fit the 
strap, when a thin liner can be put between them and 
the strap. Do not file enough off any brass so that 
keying will make them tight on the pin on which it 
runs. Put the brasses in the strap and try them on the 
pin without the rod; if they will not turn easily on the 
pin when keyed solid, they are filed too much and 
should be lined between their edges. In liuUyg, m-^ 
rods put all the liners in wit Q the brassy ^■&.V"iS. - $ ,: «- 



rods \ 
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sible to get in ; put in one thick liner in preference to 
a number of small ones. If it is necessary to put thick 
and thin liners on the key side of the brass put the 
thick liner next to the key. If rod brasses that have 
been running well take to heating, clean and oil them 
well, but do not file the bearings. 

In lining main rod brasses, first be careful to look 
for marks ou the guides showing how much the piston 
clears the cylinder-heads, and see that the clearance 
is equal on the front aud back; get some one to move 
the engine very slowly while you watch the cross- 
heads as they approach the ends of the stroke, then 
line so as to make the clearance equal at each end. 



TO LINE PARALLEL ROD-BRASSES. 
Get the engine on a level and straight track, and on 
its parallel centre— that is the centres of the axles and 
the centres of the crank-pins — all in a line parallel 
with and the same height from the track; then begin 
at the main pin and divide the liners so that the 
brasses and liners together, are of equal thickness in 
froot and back of the pin ; then put up that end of the 
rod, draw the bolts solid and adjust the key. Then 
prop up the back end of the rod level with the back 
pin entering the front brass; fill up the space between 
the end of the rod and the brass with liners; then put 
on the back strap with brass; put the bolts in, draw 
them solid and key the back brasses. On a six-wheel 
connected engine, begin at the main pin, then put up 
the front end leaving the back brasses to the last. 
No tram is needed to line up rods. All parallel rod 
brasses should be lined and keyed on the paralJel 
centre. There is no occasion to tram pin centres. If 
the hub centres are in tram, and the engine is lined 
on the parallel centres the pins must come right 
unless they or the a.xks are bent. 
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CYLINDER PACKING. 
You can tell on which side packing is out of order 
by watching the cross-heads. If the blow occnrs im- 
mediately after passing the centres that side packing 
is slack or out of order. To set it out, get the cross- 
head close to the end of the stroke ou the front centre, 
say about half an inch before it arrives at the end of 
the stroke, moving the engine ahead. You can then 
cover the ports with the valve oa that side and keep 
steam out of that cylinder; then take off the cylinder- 
head and follower, make a mark on the cylinder-head ; 
also, on the follower before you take them down, so 
that you can put them up to the same places. (Some- 
times the holes only suit one way). Be careful to lay 
the cylinder-head nuts, and follower bolts in such a 
manner when you remove them that you will be able 
to put them back where you found them. Then with 
a pair of inside calipers or stick of proper length, get 
the piston in the centre of the cylinder, pressing the 
packing only enough to lay against tbecvlinder; then 
jam the nuts, After the jam nut is fairly against the 
other nut, use two wrenches and jam as much back on 
one nut as ahead against the other, or you will make 
the packing too tight; then tap the springs with a 
hammer and see that they are only reasonably snug — 
be sure that the packing lays against the cylinder all 
! around; if it does not the packing should be taken out 
j and the cause ascertained and remedied, if possible. 
J After the packing is set out, clean off the follower and 
\ put it on ; see that the heads of the follower- bolts press 
j the follower and that their ends do not touch bottom, 
! then clean the cylinder-head joints and put the head 
j on. In screwing up follower bolts and cylinder-head 
\ nuts, be sure to get them solid; use judgment, espe- ! 
( dally in screwing the cylinder- head nuts or yau.'svV^ 
J break the studs. When the Yiea&\s^KvXo , o.,'asfe , C'&» s - 



— 3°— 

PROTECT YOURSELF FROM APPROACHING TRAINS, 



the joints lay close together all around, then put the 
top nut on and run it on until it just comes against the 
head, then put the bottom nut on in the same manner, 
then a nut on each side and draw them watching that 
the joints are together all around, then put on all the 
nuts and draw them equally all around the head. 
You will sometimes find after removing the follower 
that the packing is not slack, although it seemed so 
before the follower was taken off; this shows that the 
packing was clamped and held by the follower and 
that the packing is too long — it was follower- bound. 
This can be remedied by placing a piece of wrapping 
paper between the folio werand spider; or the packing 
may be too short, in which case a piece of wrapping 
paper may be placed between the packing rings. 
Packing does not need setting out of if it blows only a 
little at starting — you rob the engine of its power by 
having it too tight, It should not be snug enough lo 
prevent an engine drifting freely. Packing should 
not be allowed to run longer than two months with- 
out being examined. 

KNOCKS AND THUMPS. 
If you wish to find a thump on an engine, get it in 

, position with crank-pin upward on that side, block the 
drivers front and back and get some one to give her a 
little steam and by moving the reverse lever ahead and 
then back several times you can find the defective part. 
The most deceiving of knocks to find on an engine is 
when a spider is loose on the piston-rod, orcyliuder 
packing is too short — that is when it does not fit be- 
tween the spider and followers. These knocks have 
deceived many old runners: they have supposed them 
to be caused by loose wedges, driving-box crown 
brasses, cross-heads, main rod brasses, &c. Loose 

spiders, or short packing, can be detected by a slight 
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blowing accompanying a sharp click while the engine 
is passing centers. If the spider is loose on the piston- 
rod the sharpest knock will occur while passing the 
front centre. The noise is similar to that made by a 
cross-head being loose on a piston-rod. These knocks 
generally come suddenly and sound as if there was an 
inch play somewhere when the motion is only really 
as much as a single thickness of tissue paper. If a 
driving box wedge has not the proper taper it will 
cause a thump while engine is passing the back cen- 
tre. It is useless to try to make such a wedge work 
right until it is planed to suit the box. These defects 
can be properly remedied in the machine shops only. 
All knocks are in pistons, cross-heads, or connecting- 
rods. Side rod knocks are lighter than any of the 
others. Thumps are caused by loose wedges or driv- 
ing boxes, loose or cracked pedestals or frames. 
There is quite a difference between a knock and a 
thump, 

Alfi PUMP DISABLED. 

If air pump fails, disconnect the pipe leading from 
theairpumpto the reservoir; then try the pump. If 
it will not work something is wrong with the steam- 
valve. The small packing rings may be broken or 
may stick in their cylinders, or some of the small 
steam or exhaust passages may be choked, the end of 
the exhaust pipe may be full of sparks. If the pump 
does work when the air pipe is disconnected, and will 
not work when the pipe is connected, that pipe or the 
check- valve may be choked with ice or gum. In cold 
weather if the pump will not go to work hold a lighted 
torch to the check chamber and along the air pipe; 
you can often start them in that manner; examine the 
screen where the pump receives the air and see. tlaaS-'A. 
is clear. If airescapes &omabTatec^\vE«isxmSxsR-T-- 
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ing weather, it may be caused by the packing being ; 
frozen, or if the brakes Tail to act, there may be h 
the triple valve. Try holding a piece of lighted waste ? 
under them. If a pump works well only one way, j 
something is wrong with one of the air valves, or if it \ 
works well both ways and gauge does not show suffi- : 
cient air, there is an. air leak somewhere; if you can j 
not find the leak anywhere else, lock the air in the I 
pipe and see if air does not come from the governor / 
exhaust pipe, the diaphragm may be cracked. 

C USES OF CU E WttEEL FLANGES. 

If one side of an Engine is lower than the other, the i 
wheelflaugeswillcuton thelowside. Ifthedriving / 
axles are not square or at right angles with the cylin- 
ders, or if they are not parallel with each other, the j 
wheel or wheels that are too far back will cut its > 
Flanges. Cut Truck Flanges on an Engine shows 
that the Engine is not in the centre of the truck, the ] 
front of the Engine should be moved toward the cut- 
ting side. An Engine not being in the centre of the 
truck may also cause the Front driving wheel Flange 
to cut on the side opposite to which the truck flanges j 
are cutting. 

EXTENDED SMOKE BOXES. 

If an Engine having an extended smoke box and 
diaphragm, burns the fire too bard at the front of the { 
fire box, the apron on the diaphragm should be raised; \ 
or if the fire does not burn well and the inside of the ? 
fire door becomes black, the draught is choked either j 
by stopped up flues, or the apron is too low. When ■ 
an Engine has proper draught the inside of the fire- ! 
door becomes white while running. 

CONVEY OE DKAUGHT PIPE. 
If an Engine burns the fire more at the back t 
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the front of the fire box the draught pipe is too low; 
ift.here is a sleeve on the pipe raise it; if the fire bums 
most at the front of the fire box the pipe is too high. 
If an Engine tears the fire the exhaust nozzles may 
need cleaning, or they may be too small. 

CARRYING WATER. 
In running, carry the water in the boiler at as uni- 
form height as possible. Engines rarely steam well 
when boilers are pumped full then allowed to run low 
in water, besides such pumping is wasteful of fuel and 
destructive to flues; a good runner will feed the boiler 
so that the height of the water will not vary. Never 
use pumps or injector if it can be avoided unless you 
have a bright fire. On approaching a grade, always 
try to have a good supply of water in the boiler, and 
if youhave to apply pump or injector on a descending 
grade, be sure to have a bright fire. If you have no 
occasion to supply the boiler on a descending grade, 
level the fire and cover it, or arrange it so that the 
pressure of steam will not increase. 

CYLINDER LUBRICATORS. 

If cylinder lubricators do not feed properly, open 

all the cocks and take the cap off the lubricator while 

the engine is drifting without steam; this will draw 

air through them and clean them out. 

OILING. 
In oiling an engine do not fail to oil the sides of all 
boxes and bearings; hot boxes and bearings are often 
caused by neglecting this. Ifot boxes are mostly 
caused however by the sponging settling away from 
the journals. Oiling on top of a box will be of little 
benefit unless the sponging presses the journal from 
the oil cellar. All rod and guide oil cu^s s\M3v&.4.\*i 
taken out and cleaned every -weeV. "^ wxeaJgnsK."* 



J low on one side it may cause the back end of main rod 
? brasses to beat or cross-bead to work badly on that 
5 side. 

\ WHAT AN ENGINEER SHOULD ATTEND TO BEFORE 

LEAVING AN ENGINE HOUSE, 
< When an engineer is required to take an engine out, 
j be should try how much water is in the boiler, and see 
) that the fire is in good condition. Examine every 
j part of the engine and tender, to see that nothing is 
J broken. Test the rod-keys; don't depend on set- 
J screws; try to drive every key back with a soft ham- 
(mer; examine every bolt and nut; test the brakes; 
(see that they apply and release easily — especially if 
{using automatic or air brakes. See that you have 
ia good supply of fuel and a tank full of water; all 
(necessary tools, especially for firing, and that ait 

I lamps and signals are iu good order and ready for 
immediate use; and that there is sufficient oil and 
tallow and a box full of sand. You should also have 
a pinch-bar and a pair of jacks in good order. If 
you have no jacks get four wedges of oak, about 
three feet long, four inches square at one end, tapered 
to an edge one way at the other end, You should 
also have an axe and blocking for cross-heads, and 
_ a hand saw. 

STARTING A TRAIN. 

In starting a train, always have the reverse lever 

n extreme full throw, never cut back; after the train 

s well under way cut back one notch at a time; cut 

(back as far as circumstances will permit, run with 

t throttle wide open; you save steam better by cutting 

5 back with the reverse lever, if the notches in the 

•isc rack are close together, than by closing the 

f throttle, and if drifting without steam, place the 






reverse lever at full stroke allowing the valves to 
have full travel. 



JTINTS TO FIREMEN. 
In firing soft coal do not carry a heavy fire. If 
the fire is clean and the Engine will not steam with 
a light fire, your front ash pan damper is too wide 
open. Two shovelfuls at a time is enough if put on 
the bright spots; leave the door Open little way for a 
few seconds after putting in coal. It helps to con- 
sume the smoke ; don't use a slash-bar, if you can 
avoid it. Hook the fire lightly, being careful uotto 
mix it, or get green coal on the grates. If the fire 
box has an arch, keep a good space open between 
the arch and fire, if the engine has a heavy train, 
you wilt need a heavier fire than with a light train 
and fast run ; always make your calculations to 
fire according to train and speed. Hook out all 
clinkers from the fire as soon as you find them, and 
you will save yourself labor. Do not fire much 
while pumps or injectors are on full. Do all you 
can to assist the engineer and do nothing without 
first obtaining his permission. Keep all tools and 
cans clean. Help him to oil, and at all work that 
he is doing; be on hand ready and willing to aid him, 
and learn what he does and how he does it, trying 
always to anticipate his wishes. Keep the ash-pan 
clean or you will burn out the grates. If firing an 
engine, hauling passengers, put the blower on light- 
ly, and open the fire door a little on approaching a 
station, as soon as the throttle is closed. 



The Westinghouse Automatic Brake, ca-asis.^a «A. 
the following essential parts: 
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The steam engine and pump, which produce the J 
compressed air; the main reserzvi.r, in which thecom- J 
presed air is stored; the engineer's brake valve, (some 
engines have a three-way cock instead of a brake- 
valve,) either of which regulates the flowofairfrom \ 
the main reservoir into the brake pipe for releasing the j 
brakes, and from the brake pipe to the atmosphere for < 
applying the brakes; the main- brake pipe, which leads ] 
to the main reservoir to the three way cock or engi- 
neer's brake valve and thence along the train, sup- 
plying the apparatus on each vehicle with air; the 
auxiliary reservoir, which takes a supply of air from < 
the main reservoir, through thebrake pipe, and stores i 
it for its own use on its own vehicle; the brake cylin- ' 
der, which has its piston rod attached to the brake ' 
levers in such a manner that, when the piston i 
forced out by air pressure the brakes are applied; the j 
triple valve, which connects the latter to the brake J 
cylinder, and is operated by a sudden variation of ! 
pressure in thebrake pipe (i) so as to admit air from , 
the auxilliary reservoir to the brake cylinder, which ] 
applies the brakes, at the same time cutting off the i 
communication from the brake pipe to the auxiliary ' 
reservoir, or (2) to restore the supply from the brake ; 
pipe to the auxiliary reservoir, at the same time let- 
ting the air in the brake cylinder escape, which re- 
leases the brakes; the couplings, which are attached | 
to the flexible hose and connect the brake pipe from 1 
! one vehicle to another. 

The automatic action of the brake is due to the \ 
■ construction of the triple valve, the primary parts of j 
1 which are a piston and a slide valve. A reduction of < 
! pressure in the brake pipe causes the excess of pres- 

re in the auxilliary reservoir to force the piston of j 
.' the triple valve down, moving the slide valve so as > 
' to allow the air in the auxiliary reservoir to pass di- 




1 



rectly into the brake cylinder and apply the brakes. > 
When the pressure in the brake pipe is again in- j 
creased above that in the auxiliary reservoir the pis-' 
ton is forced up, moving the slide valve to its former; 
position, opening communication from the brake pipe I 
to the auxiliary reservoir and permitting the air in \ 
the brake cylinder to escape, thus releasing the brakes. > 

These parts are all shown in the accompanying J 
illustration in the pocket of this book, the arrange-? 
tnent being substantially as used on the train. J 

Thus it will be seen that any reduction of pressure \ 
on the brake pipe applies the brakes, which is the es- ( 
sential feature of the automatic brake. If the en-> 
gineer wishes to apply the brakes he moves the handle \ 
of the engineer's brake valve to the right, which first \ 
closes a valve retaining the pressure in the main res- ) 
ervoir and then permits a portion of the air in the s 
brake pipe to escape. To release the brakes he turns? 
the handle to its former position, which allows the) 
air in the main reservoir to flow into the brake pipe, j 
restoring the pressure and releasing the brakes. A \ 
valve called the conductor 1 s valve, is placed in each) 
car with a cord running the length of the car, 
any of the train men by pulling this cord, can open) 
the valve, which allows the air to escape from the ) 
brake pipe. Should the train break hi two, the airS 
in the brake pipe escapes and the brakes are applied? 
to both sections of the train; and should a hose or> 
pipe burst, the brakes are also automatically applied. J 

The guagc shows the pressure in the main reservoir i 
and brake pipe when they are connected, and thej 
pressure in the brake pipe alone when the main res-S 
ervoir is shut off by the movement of the engineer's* 
brake valve. 

The drip cup is placed in the pipe on the tender t 
catch any moisture which raa.7 coWec*.. 
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The diagram above the engineer's braka valve 
shows the various positions of the handle for apply- 
ing the brake with any desired degree of force, for 
releasing the brakes, and the position in which the 
handle is to be kept after the brakes have been re- 
leased. 

HOW TO APPLY AND BELEABB THE WESTINGHOUSE 
AUTOMATIC BRAKE. 

These brakes are applied when the pressure in 
the brake pipe is suddenly reduced, and released 
when the pressure is restored. 

It is of great importance that every engineer should 
bear iu mind that the air pressure may sometimes 
reduce slowly, owing to the steam pressure getting 
low, or from the stopping of the pump, or from a 
leakage in some of the pipes when one or more cars 
are detached for switching purposes, and that in con- 
sequence it has been found absolutely necessary to 
provide each cylinder with what is called a leakage 
groove which permits the air pressure to escape be- 
fore the brake is applied, thus preventing the appli- 
cation of the brakes when the pressure is slowly re- 
duced as would result from any of the above causes. 

This leakage groove is a semi-circular groove, 

ne sixty- fourths of an inch in width and five sixty- 
fourths of an inch in depth cut in each car cylinder, 
and extending so that the piston must travel three 
inches before the groove is covered by the packing 
leather. A small quantity of air, such as results 
from a leak, passing from the triple valve into the 
car cylinder, has the effect of moving the piston 
slightly forward, but not far enough to close the 
^roove, which permits the air to flow past the piston. 

S", however, the brakes are applied in the usual 
anner, the piston will be moved forward notwith- 
standing the slight leak, and cover the groove. It 
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s important that this groove shall be three inches 
long and shall not exceed in area the dimensions 
given above. 

These provisions against the accidental applica- 
tion of the brakes must be taken into consideration, 
or else it will sometimes happen that all of the brakes ! 
will not be applied when such is the intention, sim- 
ply because the air has been discharged so slowly 
from the brake pipe that it only represents a con- 
siderable leakage, and thus allows the air under 
some cars to be wasted. 

;t is thus very essential to discharge enough air 
■ in the first instance, and with sufficient rapidity, to 
! cause all of the grooves to be covered, which will 
\ remain closed until the brakes have been released. 
In no case should the reduction in the brake pipe 
I for covering the grooves, be less than four or five 
| pounds, which will move all pistons out so that the 

> brake shoes will be only slightly bearing against the 
i wheels. After this first reduction the pressure can 
[ be reduced to suit the circumstances. 

On a long train, if the three-way cock be opened 

> suddenly, and then quickly closed, the pressure in 
i the brake pipe, as indicated by the gauge, will be 
( suddenly and considerably reduced on the engine, 
J and will then be increased by the air pressure com- 
S ing from the rear of the train ; hence it is important 
J to always close the three-way cock slowly, and in 

> such a manner that the pressure as indicated by the 
J gauge will not be increased, or else the brakes on 
( the engine and tender, and sometimes on the first 
J one or two cars, will come off when they should re- 
i main on. It is likewise very important, while the 
I brakes are on, to keep the three-way cock in such a. V 
5 position that the brake pipe ^teaauT^. ■sKomr.'Ooe. Nav- ^v 
icjTM£5SL&KJS3fe&££JJQnjjJ}l£_r^ 



of pressure in the brake pipe causes the 
brakes to come off. 

On long down grades it is important to be able to 
control the speed of the train and at the same time 
to maintain a good working pressure. This is easily 
accomplished where the driving wheel brakes are not 
operated independently of the train brakes, by run- 
ning the pump at a good speed, so that the main res- 
ervoir will accumulate a high pressure while the 
brakes are on. When, after using the brake some 
time, the pressure has been reduced to sixty pounds, 
the train pipes and reservoirs should be recharged as 
much as possible before the speed has increased to 
the maximum allowed. A greater time for recharg- 
ing is obtained by considerably reducing the speed 
of the train just before rechargiog and by taking ad- 
vantage of the variation in the grades. Where the 
driving wheel brakes are used independently of the 
train brakes, it is unnecessary to reduce the speed of 
the train, as these brakes can be held on aud will 
hold the train, while the brakes on the train are being 
released to recharge 






PUMP GOVERNOR. 

This governor should be connected to the stud in 
the side pipe of the pump, with the throttle- valve 
end of the governor turned downward, which will 
prevent its being closed by the shaking of the engine. 
Provision is made by the Westinghouse people for 
attaching the governor in this way, and when so 
attached, the upper end of the governor must in all 
cases be connected to the train pipe. The illustra- 
tion on page 41 will show clearly how this governor 
should be connected. 

This governor is for regulating the speed of the 
•amp. It is set fox a certain pressure, say 70 pounds, 




and when the pressure in the train pipe gets below ( 
that at which the governor is set, the steam-valve of] 
the governor is opened and the pump increases its 




speed, and raises the pressure to the desired point. 
When the brakes are applied the reduction of pres- 
sure in the train pipe opens the steam-valve, and the 
pump rapidly produces a surplus pressure in the 
main reservoir which insures the quick release of! 
the brakes. When the governor is running, the 
throttle -valve should be wide open. Should the gov- 
ernor leak around the throttle, repacking is needed. 

There should not be any safety-valve or leaks in 
the main reservoir, otherwise the necessary surplus 
pressure for quickly recharging cannot be obtained. 

To release the brahes with certainty it is import- 
ant to have a higher pressure in the main reservoir 
than in the main pipe. If an engineer feels that 
some of hisbrakes are not off, it is best to turn the 
handle of the three-way cock just far enough to shut 
off the main reservoir and then pump up fifteen or 
twenty pounds extra, which m\\ w&Mxfc "Cos. v&aasfc* 
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of the brakes; all of which can be done while thi 
train is in motion. 

For ordinary stops, great economy in the use c 
air is effected by, in the first instance, letting ouff 
from eight to twelve pounds pressure, while the train) 
is at speed, taking care to begin a sufficient distances 
from the station. 

The pump should be run constantly, but nevei 
faster than is necessary to maintain the required a' 
pressure; 50 or 60 pounds pressure for low speedj 
trains and from 70 to 80 pounds pressure for fasti 
trains; for ordinary stops the brakes should be a_ 
plied lightly by allowing a gradual escape of air from 
the train pipe, closing the cock gently when the pr 
sure has been reduced from 4 to S pounds on 1 
gauge. The brakes are fully applied when the pi 
sure shown on the gauge is reduced 20 pounds; a 
further reduction is waste of air. The amount of airS 
discharged from the train pipe should vary with the) 
speed of the train to be stopped. Too much c 
moderation cannot be used in applying the brakes 
for ordinary stops; by applying them at a fair c* ' 
tance from the station with moderate force, the tri 
is stopped gently,— while if thrown on suddenly tl 
train is jerked and wheels are often ruined and brakej 
gear damaged. Engineers should remember tha 
the same amount of braking force cannot be used c 
both high and low speeds. A force which is appar-4 
ently very moderate at high speed will slide wheels! 
at a slow speed — the brakes should be thrown off asJ 
the train is coming to rest. In releasing the brakesj 
the handle of the brake valve should be moved quite! 
against the stop and be kept there about ten seconds) 
and then moved back against the intermediate stop, 5 
which is the feed position, and where it must r 
while the train is running. Engineers, upon finding) 
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that the brakes have been applied by the train men 
■ automatically, must at once aid in stopping the 
train by turning the handle of the brake valve 
towards the right. If three-way cock is used iustead. 
of a brake valve close it and leave it closed until thej 
defect is remedied; meanwhile allow the pressure 1 
accumulate in the main reservoir, so that the train-) 
pipe and auxiliary reservoirs can be charged when; 
required. 
THE WESTIN'G HOUSE AUTOMATIC QUICK ACTING 

AIB BRAKE 
consists chiefly of a special triple valve, acting 
conjunction with a special Engineer's Brake valve.^ 
These two valves are so arranged that two kinds of 
stops can be made; first an ordinary or what is known; 
service stop; second a sudden or what is called< 
an emergency stop. These different stops are acconw 
plished by having the brake valve so arranged that) 
the full pressure of air in the main reservoir is not? 
admitted into the auxiliary reservoirs. If the full? 
pressure was used for ordinary stops the brake gear? 
and wheels would be apt to suffer, so this extra; 
pressure is kept in the main reservoir to use, when? 
sudden stops are required. The pressure in the^ 
main reservoir is shown by the red pointer on an air<! 
gauge having two pointers, one red, the other black. J; 
The pressure in the auxiliary reservoirs is shown by > 
the black pointer; the difference should show fromi 
twenty lo twenty-five pounds. The extra pressure!; 
's also utilized for releasing the brakes as well as for? 
charging the train quickly. The new brake valve' 
is also connected with an equalizing air reservoir, < 
the object of which is to regulate the pressure of airj 
in the train and prevent too sudden discharge of am 
from the front part of the train. This fe&twK.^ •&$£-, 
new valve overcomes tb.e d\&ACU\\a.es "yq. tsSsskbrr. >*» 






handling long trains, experienced by the use of th( 
three-way cock mentioned on pages 39 and 40 of this 
book. The new triple valve can be used with the old 
automatic brake, but can not be changed to straight 
air. 

INSTRUCTIONS FOR HANDLING THE WE3TINGHOUSE 
QUICK ACTING AUTOMATIC AIR BRAKE. 
One of the most important duties of an engineer is 
to see that this brake is in good working order by try- 
ing it before leaving the engine house, 

(See diagram marked plate D. 2., in the pocket of 
this book.) 

Air should be pumped into the main reservoir until 
the red pointer, on the air gauge, shows about ninety 
pounds. After coupling, you are ready to charge 
THE train, by placing the handle of the brake lever 
to "release position" and allow it to stay there until 
the black pointer shows about seventy pounds of pres- 
sure, then turn the handle to "service stop" position 
until the brake tests, (as stated on pages 47, 4S of this 
book), are made, then turn the handle to "running 
position." You are now ieady to go. If you wish to 
slow up place the handle ' 'on lap" position for a sec- 
ond or two, then if you wish to make an ordinary 
stop, move the handle to "service slop" position, until 
( you have reduced the pressure shown by the black 
t pointer about eight pounds ; then turn the handle 
J back to "on lap" position, and leave it there until the 
j train is nearly stopped; then turn the handle to "re- 
c lease position," except on grades, and leave it there 
t until the brakes are entirely off; then return the 
S handle to "winning position." 
\ If while running you have reason to suspect 
J brakesare not fully released, move the handle of tl 
brake lever to "release position" for about a 
1 turn it back to "running position." 
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When moving long trains on down grades have the 
brake handle in "release position," at all other times 
while running have the handle in 'running position.' 
Do not use air after having called for hand brakes, 
until the hand brakes are released. Air and hand 
brakes should never be used at the same time on 
the same car. 

If while running, the brakes go on suddenly, move 
the brake handle to ' 'emergency slop' ' position and let 
it stay there until signal is given to release. 

In running a freight train that has the use of air 
on drivers and tender brakes, if you wish to slow up 
or stop, do not apply the air until the slack of the 
train is close against the engine. The same practice 
should be maintained in handling trains when only 
part of its cars have air brakes. 

For a sdddsn stop, move the brake handle at 
once to "emergency stop," and leave it there until the 
train stops, 

The valves inside of the brake valve, also the air 
whistle valve and chamber at the main reservoir, 
marked "air signal reducing valve," should be taken 
apart and well cleaned frequently. 

Engineers should keep the steam cylinder well 
lubricated, and use but a small quantity of good 
quality well oil in the air pump cylinder; do not use 
carbon (or coal) oil in air pump cylinder, as there is 
danger of exploding the main reservoir. When the 
pump becomes lazy and wheezy a pint of weak solu- 
tion of concentrated lye poured into the air pump 
cylinder while the pump is working, will remove all 
accumulations of gum from the cylinder, valves and 
pipes, and gives new life to the pump. 

Keep the steam and air piston glands nicely packed. 
Attend to them often and don't pack too tight. W. 
the packing in the air end of tn.e c^u&sz ^m^s.vssji*.- 



ble by burning out very often, the air valves have 
too much lift. New valves are needed. The travel 
of pistons in driver brake cylinders should not ex- 
ceed 3 or 4 inches. Drain the water out of the main 
reservoir once a week. The water in the main pipe 
under the tender should be drained out every day, 
BRAKES WILL NOT RELEASE. 
If cars having different air pressures be coupled to- 
gether the brakes will apply themselves on those 
which have the highest pressure. In this case, or in 
case that the brake of a car be applied by loss of pres- 
sure from the train pipe, open the cock in the head of 
the brake cylinder D, or if there is no cock there then 
turn the handle of the release cock F in diagram, to a 
vertical position. When the air has escaped and the 
brakes are fully released, turn the handle back to a 
horizontal position. Should the brake rigging of any 
car become damaged, or should itrepcaledly fail to re- 
/cflVt promptly, turn the handle of the four-way cock 
(H in diagram,) to a position half-way between verti- 
cal and horizontal, and open the release cock F and 
leave them so; the quick acting triple valve has a 
stop cock instead of a four-way cock , which must be 
closed; this will discontinue the use of the brake on 
that car. 

AIR BRAKE. 
i If your train is equipped with the old style triple 

> valve and you wish to use the brake as an air brake 
\ and not automatically, turn to a vertical position the 
J handles of all cocks in the train except of the train 

> pipe cock (K in diagram,) at the rear end of the last 
t car. You cannot use straight air with the new style 
\ triple valve. 

1_ 
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TRAIN. 

After the engine , 
is attached to the ; 
train, see that all the 
hand brakes are off, 
then connect all 
couplings and turn 
to a vertical position 
the handles (point- 
big down) of all train 
pipe cocks (C C in 
diagram,) except 
that (K in diagram) 
at the rear end of last 
car, — the handle of 
this cock must be 
horizontal. The 
handle of the cock 
connected with the 
triple valve should 
be horizontal and 
the release cock F 
(whether it be in the 
auxiliary reservoir 
or cylinder head D, 
or in both places) 
should be closed. 
The brakes should 
tbeu be tested under 
every car. This test 
should not be made 
until a pressure of at 
least forty pounds in 
the auxiliary reser- 
voirs has been at- 
tained. In making 
the;test the engineer 
should lock_the air 
in. jOoa \xb1vq. ^v^"^ 



placing the handle of the three-way cock in a fore 
and aft position and then notice by the air gauge that 
the same pressure is retained in the pipe. During 
this test the inspector or train hand should ascertain 
from the engineer whether there is any indication of 
leakage. If there are no leaks the engineer will 
apply the brakes and release them, noting the result. 
Then apply the brakes, after which the person who 
assists in the test should pass along the whole train 
and see that every brake is well applied. The brakes 
should then be released, when they should be again 
examined to see that every brake is free, These 
tests should be made every time ears are attached to a 
train. 

TO CUT OFF CABS. 

First see that all the brakes in the train are fully 
released, then turn to a horizontal position the 
handles of the train pipe cocks (C C in diagram,) 
each side of the couplings to be separated, then dis- 
connect the hose by hand. 

SPECIAL TO CAR INSPECTORS. 

The brake gear under cars should be so adjusted 
that when the brakes are fully applied that the travel 
of the pistons in the brake cylinders will not exceed 
8 or 9 inches. The pipes and joints must be kept 
tight. The valve for the application of brakes from 
inside the cars should he examined regularly and 
kept air tight, and when leaks are discovered they 
should be corrected, if serious, before the car is again 
used. The triple valves should be oiled and cleaned 
once a month ; they should also be kept clear of water 
by slacking the bottom nut one half turn; let the 
water escape and screw it up again— this should be 
\one often. The brake cylinder should be kept 
cvjued and oiled every three months. In taking up 
i slack in brake connections, nusU the levers back 
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to their proper places and take up the slack by the 
under-connections or dead levers. 

THE BRAKES MAY BE APPLIED. 

The brakes may be applied from- Hie train in either 
of three ways : 

First — By raising the lever of the valve in the 
saloon and keeping it raised until the train is stopped. 

Second — By uncoupling the hose between any two 
cars. 

Third — By turning to a vertical position the hand- 
le of the train pipe (K in the diagram) on rear of 
last car in the train. 

Never use these means except in cases of emer- 
gency. 







SUPPLEMENT TO THE SEASON WHY. 

On page 28 of "the Reason Why," is a statement 
that, " When lite steam has done its work in that end 
of the cylinder you want to get rid of it as soon as pos- 
sible." We wish to get rid of it because we want 
to get steam into the other end of the cylinder and 
do not want pressure on both sides of the piston at 
the same time. If the pressure could ail be let out 
of one end of the cylinder as soon as steam enters 
at the other end, and if there was a free passage 
for the exhaust after the steam is discharged from 
the cylinder, there would be no hack pressure to 
overcome ; but then we need some steam in that 
end of the cylinder for a cushion for the piston 
while passing the centre. The best constructed 
valve motion gives the smallest amount of back 
pressure, allowing just enough compressed steam to 
form a cushion and to give the full boiler pressure 
against the piston as soon as the valve opens. 
OMISSION. 

In the index to "Reason Why"— 7«*« (//«!>• Shaft 
broken, page 17. The words "Tumbling Shaft" 
should have been placed with the same heading 
with and before the words "Saddle Pin," 




RULES FOR THE COURSE TO BE FOLLOWED BY THE ] 

Bystanders in Cash of Injury when Suhgicai, Assis- , 
tance cannot be at once obtained. 

The dangers to lie feared in tliese cases are: Shack or cni- ' 

lajiK, lots 0/ Mood, and un.ncc«8Miv suffering in the ■atoning of lit ) 

I. In shock the injured person lies pale, faiut, cold, some- 
times insensible, with labored pulse and breathing. 

Apply external warmth, by wrapping him up (not merely ; 
covering him over) in blankets, quilts, or extra clothes. 
Bottles of hot water, or hot bricks (not too hot) may also be i 
wrapped up in cloths and put to the arm-pits along the sides I 
and between the feet if they are uninjured. 

If the patient has not been drinking, give brandy or whis- i 
key in tabk-fipoonful doses every 15 or 20 minutes — less fre- < 
quently as he gets better. Food (strong soup is the best) \ 
should 3lso be given now and then. 

II. In small, clean cut wounds, bring the edges together 
with strips of adhesive plaster; in wounds more than an inch ! 
'n length, unite the edges with stitches. 

If a wound is ragged and torn, clean it as thoroughly as I 
possible ; then cover it with vaseline and a thick layer of j 
cotton. Fix this dressing by applying a bandage as even as 
possible, and with moderate firmness. 

When a limb is evidently broken, place it in as natural , 
position as possible, until the local surgeon of the company 1 
can see the patient. 

III. Loss OF Bi.ood.— If the patient is not bleeding, . 

not apply any constriction to the limb, but cover the wounded 1 
part lightly with the softest rags to be had (linen is the best.) < 
If there is bleeding, check it by pressure with a sponge j 
moistened with cold or very hot water ; do not try to stop it 1 
by binding up the wound. The can-ad of (he hlaad la the part • 
miut fie vhaiiid- To do this, find the artery, by its beating ; J 
lay a firm and even compress or pad (made of cloth or r. — 
rolled up, or a round stone or piece of wood well wrapp 
over the artery; tie a handkerchief around the limb and j 
compress; put a bit of stick through the handkerchief and. 1 
twist the latter up until it is jW tight enougtt to "top fliftXJwii™.'! i 
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then put one end of the stick, under the handkerchief to pre- 
vent untwisting. 

The artery in the thigh mils along the inner side of the 
muscle in front near the bone. A little above the knee, it 

the back of the bone. In injuries at or above the ' 
knee, apply the compress high up, on the inner side of the 
thigh, with the knot on the outer side of the thigh. When 
the leg is injured below the knee, apply the compress at the 
back of the thigh just above the kuee and the knot in front 

The artery in the arm runs down the inner side of the large 
muscle in front, quite close to the bone; low down it gets fur- 
ther forward toward the bend of the elbow. Jt is most easily 
found and compressed a little above the middle. 

Care should be taken to examine the limb from t 
time, and to lessen the compression if it becomes very cold 
or purple: tighten up the handkerchief again if the bleeding 
begins afresh. 

IV. To Transport a Wounded Pkrson Comfortably. 
— Make a soft and even bed for the injured part, of straw, 
folded blankets, quilts, or pillows laid on a board, with side- 
pieces of board nailed on, where this cau be done. If possi- 
ble let the patient be laid on a door, shutter, settee, or some 
firm support, properly covered. Have sufficient force to lift 
aim Bteaaily, and let those who bear him NOT keep step. 

V. Should any important arteries be opened, apply the 
handkerchief as recommended. Secure the vessel by a sur- 
geon's dressing forceps, or by a hook, then have a silk liga- 
ture put around the vessel and tighten tight. 

VI. Should the bleeding he from arterial vessels of small 
size, apply the PBBSCWHATH OF [RON, either in tincture or in 
powder, by wetting a piece of lint or sponge with the solution, 
then, after bleeding ceases, apply a compress against the parts , 
to sustain them during the application of the persulphate of < 
iron, and to prevent further bleeding should it occur. The ', 
persulphate of iron should be kept on hand in all workshops 

Scad for a Physician in all awes. 

FOR BURNS OR SCALDS. 

In the early stage, soon after the accident, if there is no j 

separation of the skin, do not cut the bladder, but allow the J 

bladder ol water, of whatever size, to remain untouched; merely ! 

dress it with a piece of linen or muslin, lightly coated with J 

| simple cerate. 

If tile parts are denuded of the skin, dress the part with ) 

cotton, the object being to exclude tne air and prevent sup- j 
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puration. If cotton cannot be procured, apply any covering S 
until you can have an ointment made of beeswax and sweet ? 
oil, equal parts, or lime water and linseed oil; or lay on J 
scraped potatoes or carrots, or sprinkle flour on the injured > 
surface when the above cannot be procured. Flour is trou- ) 
blesome in its removal. 

If the scald is extensive and on the body, cold applica- j 
Tioks are not proper; then use warm fomentations, or, in ? 
the case of a child, the warm bath. Keep the air from the { 
wound as much as possible; do not remove the dressing often. J 
When a cold lotion is used, pour it upon the rags, letting ) 
them remain undisturbed. A little baking soda placed upon ( 
a burn will allay the pain. 

BRUISES. 

Use tepid applications at first. After inflammation has > 
(.ul*i.kd, use stimulating applications, as vinegar and water, < 
alcohol, camphorated liniment. 

SPRAINS. 



TO RESTORE PERSONS AFFECTED BY COLD. 

Fur FrosT-BiTe or Numbness.— Restore warmth gradually, '• 
in proportion as circulation in the parts or body increases. j 

Fob a Frozen Limb, — Rub with snow, and place in cold J 
' water for a short time. When sensation returns, place again J 
' in cold water; add heat wry gradually, by adding warm water. > 

If Apparently dead or Insensible.— Strip entirely of J 
i clothes, and cover bodv, with exception of mouth and nos- j 
? trils, with snow or ice Cold water. When body is thawed, ) 
( dry it; place it in a cold bed; nib with warm hands tinder ( 
j the cover; continue this for hours. If life appears, give small J 
j injections of camphor and water; put a drop of spirits of / 
c camphor on tongue; then rub body with spirits and water, I 
! finally with spirits; then give tea, coffee, or brandy and water. ( 
) Send far a physician in all coses. 
> APPARENT DEATH FROM BREATHING NOXIOUS l 

VAPOR, AS IN WELLS, &C 
) If insensible, expose person in the open air; sprinkle cold ^ 
f water on face and head; rub strone wtss^ss ^i(«B. -aoajte.-, 
i give drink of vinegar and water. 9 ?«ffi<icaWA , o-i \rt«ssae&»fi 



fumes of charcoal, proceed as above, and excite breathing as 
in remedy given in cases of drowning. 

Send for n ptiysician in all earn. 

To purify wells, &c, shower water down them until a candle 
will burn at the bottom with a clear flame. 

RULES FOR ACCIDENTS ON WATER. 

When upset in a boat, or thrown into the water and unable 
to swim, draw the breath ill well; keep the mouth tight shut; 
do not struggle and throw the arms up, but yield quietly to 
the water; hold the head well up, and stretch out the hands 
only b, 'on' the water; to throw the hands or feet up, will pitch 
the head damn, and cause the whole person to go immediately 
under water. Keep the head above, and everything else uuder 

METHOD TO BE USED IN CASES OF DROWNING. 
Dr. Marshall Hall's Remedy. 

Send for a physie'an in all fata. 

1st. Treat the patient instastly on THE spot in the opes 
air, freely exposing the face, neck, and chest to the breeze, 
except in severe weather. 

Sit. In order to clear the throat, place the patient gently 
on the face, with one wrist under the forehead, that alt fluid, 
and the tongue itself, may fall forward, and leave the entrance 
into the windpipe free. 

Sd. To excite respiration, turn the patient slightly on his 
side, and apply some irritating or stimulating agent to the 
nostrils, as ve'ratrine, dilute ammonia, etc., — as snuff, or 
apply a feather to the throat. 

4th. Make the face warm by brisk friction; then dash cold 

oik. If not successful, lose no time ; but, to imitate respi- 
ration, place the patient oti his face, and turn the body 
gently, but completely on the side, a little beyond; 
then again on the face, and so on alternately. . Repeat these 
movements deliberately and persistently PIFtESH times only 
in a minute. (When tiie patient lies on the breast, this cavity 
is coMPRts-SED by the weight of the body, crpiration takes 
place. When he is turned on the side this pressure is re- 
moved and inspiration occurs.) 
Sli, WJien the prone position is resumed, mate a uniform 
and elficieat pressure along THE 9RISE, removing the pre*- 







: immediately, before 

augments the expiration; the 

Continue these measures. 

7lk. Rub the limbs upward with firm pressure, and with 
BNERCv, (The object being to aid the return of venous blood 
to the heart ] 

8lli. Substitute for the patient's wet clothing, if possible, 
such other covering as can be instantly procured, each by- 
stander supplying a coat or cloak, &c. Meantime, and from 
lime to time, to excite inspiration, let the surface of the 
body be slapped briskly with the hand. 

9th. Rub the body briskly till it is dry and warm, then dash 
corn water upon it, and repeat the nibbing. 

Avoid the immediate removal of the patient, as it involves 
a dakgerous Loss of time; also, the use of bellows, or any 
forcing instruments; also, the warm bath, and ai.l bough 

TREATMENT. 

SUN-STROKE. 

Take the patient immediately into the shade 
half recumbent position— head raised ; loosen 
about the neck and chest ; apply iui mediately, ici 
cloths to the head and nape of the neck, changing them fre 
quently. 

Send for a phynician as soon as possit/i 



le clothes 
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4.00 


tt 


1 


•4 


16 


u 


u 


tt 


tt 


3.45 


tt 


1 


w 


17 


it 


tt 


u 


it 


3.32 


tt 


1 


u 


18 


tt 


it 


tt 


tt 


3.20 


a 


1 


tt 


19 


tt 


tt 


a 


tt 
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TABLE 

Showing the amount of time used in running 
from one Station to another, at different Speeds. 



TIME FOR RUNNING TENTHS OF A MILE. 
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1 

Tenth. 



2 

Tenths. 



3 

Tenths. 



4 
Tenths. 



5 

Tenths. 



6 

Tenths. 



7 
Tenths. 



8 
Tenths. 



9 

Tenths. 
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C >3 O 



*1 

•S 8 



S3 

•23 u 
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10 

11 

12 
13 

14 
15 

16 
17 

18 
19 

20 
24 

25 
30 

35 
40 

45 
48 

50 
55 

60 
65 



36.0 
32.7 


1.12 
1.05 


1.48 
1.38 


2.24 
2.10 


3.00 
2.43 


3.36 
3.16 


4.12 
3.48 


4.48 
4.21 


30.0 
27.7 


1.00 
0.55 


1.30 
1.23 


2.00 
1.50 


2.30 
2.18 


3.00 
2.46 


3.30 
3.13 


4.00 
3.41 


25.7 
24.0 


0.51 
0.48 


1.17 
1.12 


1.42 
1.36 


2.08 
2.00 


2.34 
2.24 


2.59 

2.48 


3.25 
3.12 


22.5 
21.2 


0.45 
0.42 


1.07 
1.03 


1.30 
1.24 


1.52 
1.46 


2.15 
2.07 


2.37 
2.28 


3.00 
2.49 
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18.9 


0.40 
0.37 
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0.5G 


1.20 
1.15 


1.40 
1.34 
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1.53 
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2.12 


2.40 
2.31 
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15.0 
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0.30 


0.54. 
0.45 


1.12 
LOO 


1.30 
1.15 


1.48 
1.30 
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1.45 


2.24 
2.00 


14.4 
12.0 


0.28 
0.24 


0.43 
0.36 


0.57 
0.48 
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1.00 


1.26 
1.12 


1.40 
1.24 


1.55 
1.36 
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09.0 


0.20 
0.18 


0.30 
0.27 


0.40 
0.36 


0.51 
0.45 


1.01 
0.54 


1.11 
1.03 


1.21 
1.12 


08.0 
07.5 


0.16 
0.15 


0.24 
0.22 


0.32 
0.30 


0.40 
0.37 


0.48 
0.45 


0.56 
0.52 


1.04 
1.00 


07.2 
06.5 


0.14 
0.13 


0.21 
0.19 


0.28 
0.26 


0.36 
0.32 


0.43 
0.39 


0.50 
0.45 


0.57 
0.52 


06.0 
05.5 


0.12 
0.11 


0.18 
0.16 


0.24 
0.22 1 


0.30 
0.27 


0.36 
0.33 


0.42 
0.38 


0.48 
0.44 



5.24 
4.54 

4.30 
4.09 

3.51 
3.36 

3.22 
3.10 

3.00 
2.50 

2.42 
2.15 

2.09 
1.48 

1.31 
1.21 

1.12 
1.07 

1.04 
0.58 

0.54 
0.49 



l: 



In using these tables, sec in the column to your left hand the 
speed you wish to run on the miles table, then follow that line until 
it meets the number of miles or tenths it is to the place you wish to 
go, where you will find the amount of time it takes to run it. For 
•xample : if you wish to run 17 miles an hour to a place that is 12 
miles and 6 tenths distant, opposite 17 and under 12 you will find 42 
minutes and 21 seconds, then opposite 17 and under 6 on the first, or 
tenths, table you will find 2 minutes and 7 seconds, which being 
»dded to the 42-24, makes 44 minutes and 31 seconds. 
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Showing the amount of time used in running from 
one Station to another, at different Speeds. 
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In using these tables, see in the left co 
you wish to run, then follow tliat line until it 
ber of milea it is to the place you wish to go 
find the amount of time it takes to run it. 
you wish to run 17 miles an hour to a place 
off; opposite 17 and under 11 youfind that.-, 
utes ana 34 seconds to run the 12 mSlcs &\ a 


umii the speed 
meets the num- 
wlicre you will 
For example; 
that is 11 miles 
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Showing the amount of time used in running from ' 
one Station to another, at different Speeds. 
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miles an hour to aplace that is 12 miles off; 
and under ia you will find that you have 42 min- 
seconds to run the 12 miles at a it m\\e s^ttA. 
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Preface. 



Having been frequently urged by Engineers and 
Firemen, and, because I frequently receive letters ask- 
ing for reasons why certain instructions that are given 
in ray Ready Reference should be followed, I have 
prepared this work. I feel it a duty to contribute as 
far as lays in ray power all information that I have to 
my fellow beings, especially to those who are engaged 
in my own occupation. I have been further prompted 
to issue this work because of my early experience in 
learning the locomotive business. It was a common 
custom in those days if a "cub" asked a "Jour" for 
information, to get the reply "go find out yourself as 
I did " Those old chaps usually kept all of their 
knowledge corked up as secrets, and there are yet some 
people who are unwilling to become man helpers and 
"let their light shine." 

Some of the items in the "Ready Reference" need 
no explanation and are not noticed in this work. 
Very Truly Yours, 

S. A. ALEXANDER. 
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will be apt to become full of ice and burst ; it is best 
to blow steam through them to blow the water out if 
you can, but in any and all cases take out the frost 
plugs or slack the joints, to guard against leaky tank or 
check valves filling the pipes after being drained. 

If the weather is very cold and there is any possibil- 
ity of water freezing in the boiler, the water should be 
let out of both tank and boiler. It causes a great strain 
on them if ice becomes solid in them. 

BLOCKING (J ROSS HEADS. 
Cross-heads should be blocked at the hack ends of 
the guides, because if by any means they should break 
loose from the blocking and steam should get into the 
cylinder less damage would be done if the piston was 
forced ahead toward the front cylinder head, than if it 
was forced to the back head, if it went forward it is 
probable that only the front cylinder head would be 
broken, but if backward there is danger that the ex- 
pensive back cylinder head as well as the piston, 
guides and guide yoke would be damaged, but in some 
cases the cross-head must be blocked ahead and steam 
must be admitted to the back end of the cylinder ; in 
these cases extra care should be taken to secure the 
valve by clamping the valve stem securely so that the 
valve cannot move back. 

ENGINE OFF TRACK. 

The first thing to do after protecting yourself from 
approaching trains, is to see if the boiler is high enough 
at either end to leave either the crown sheet or the 
front ends of the flues unprotected by water, for with 
a hot fire if these parts are not well covered with water, 
either of them may become red hot and may burn or 
even melt the metal in a short time. 

Most engines if not off very badly or too far a 
from the track, will help themselves on without 



aid of another engine by using blocking under the 
wheels. If you have jacks they will aid materially by 
setting them to push the engine. Engines can usually 
be put on the track easier by moving them in the di- 
rection opposite to that in which they ran off, that is 
if they get off by running ahead, they should be moved 
backward to put them on the track. 

Do not ask head quarters for help if you can pos- 
sibly avoid it. 

CLAMPING VALVE STEMS. 
A heavy strain put on a valve stem in any direction 
either up, down or sideways, will prevent its moving. 
The object of covering the ports with the valve is to 
prevent steam entering the cylinder and thereby mov- 
ing the piston. 

WATER FOAMING IN BOILER. 

The cylinder cocks are opened to save the packing 
and cylinder heads from damage by water being in the 
cylinder, as water cannot be compressed, as much 
damage might be done by it as if they had that much 
iron in them. 

The throttle should be closed "gently," because the 
water is raised in the boiler and you do not know how 
much of it is solid. Hy closing the valve suddenly, 
the water may drop at once and leave the crown-sheet 
bare and may damage it. If the throttle is closed slow- 
ly the water will settle gradually and give you a chance 
to put more water in the boiler, for this purpose you 
put pump and injector to work. 

The surface cock is opened because the foaming 
caused generally by grease and as it floats on the su 
face of the water it is blown out when the surface cock 
is opened. For the same reason if grease is found in 
the tank, you overflow it at the first water station, the 
grease rises to the surface and runs off. 
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Lime is put in the tank to counteract the effect of 
grease that may adhere to its side. Blue atone put 
back of the hose screen will counteract the effect of a 
little grease in the boiler. 

Soap put in a tank is as bad to make water foam ii 
boiler as grease. 
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PUMP FAILS. 
But little more can be said about failures of pumps 
than has already been told in Ready Reference, 
the remedies given do not cause them to work, it is 
not probable that you will have tools with you or time 
to do necessary repairs such as changing lift of a 
facing and grinding valves. 

PUMPS AND INJECTOR FAIL. 

The fire is covered dead to prevent the steam from 
generating and thereby wasting what water is in the 
boiler. The engine is stopped for the same purpose 
and if the water is already too low for you to have time 
to examine the pumps or injectors the fire must be 
drawn or the crown sheet and flues will be damaged. 

Injectors work partly by vacuum and partly on the 
principle that bodies in motion give more force than 
bodies at rest. To illustrate this fact lay a pound 
weight on your toes, you can probably stand it with 
out much inconvenience; raise the weight Lhree a 
four feet and let it fall on the same toes, and you wil 
be sure to discover that bodies in motion have the 
most force. 

Steam confined in a boiler may be considered a body 
at rest ; the instant it is released from the boiler it ' 
comes a body in motion, and thus in passing through 
the pipes and injector it sends water into the boiler at 
a force much greater than that at which it left the same 
boiler only an instant before. 
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The vacuum in an injector is formed by a small 
amount of steam being admitted to the injector ; at 
first it passes out of the overflow cock, but the rapid 
motion of the steam causes a draught in the feed pipe 
drawing the air out of it. This operation is known as 
an induced current. To illustrate how this draught is 
created in the feed pipe, put a little dust (tobacco 
crumbs will do,) into the hole of a common key, then 
let the key rest against your chin with its end just up 
to your lips ; then blow over the hole and all of the 
dust will be drawn out. The motion of the current of 
air over the hole forms a current that creates a draught. 
A swift running train will draw the hat off your head, 
if you stand close enough to it. These are induced 
currents, and as air cannot exist in any confined place 
where steam is, the air is driven out of the injector and 
steam coming in contact with cold water from the feed 
pipe creates what is known as a vacuum in the injector, 
water then flows freely into this vacuum, and would be 
raited as much as twenty feet if desired. 

Now if there was a leak in the feed pipe or at any 
point between the tank and injector, air would be ad- 
mitted and there would be no vacuum, the water would 
not raise, consequently the injector would not work. 
Alter the vacuum is formed in the injector water flows 
freely from the overflow cock,more steam is then applied 
and as steam at 60 pounds pressure travels at the rate 
ot about a half mile in a second, the water being in 
front of this enormous force, is sent rapidly into the 
boiler ; the steam and water having combined and 
formed a mixture before leaving the injector forms a 
body the weight of which opens the check valve and 
the water goes into the boiler quite warm. The pres- 
sure of steam without the weight of the water would ', 
not open the check valve. If too much steam is ad- ' 
milted a hole would be made in fe ■*».« mA-fet 






check valve would remain closed, air would be drawn 
in at the overflow until the pressure of steam overcome 
it, then steam and water would be discharged from 
overflow, if too little steam is admitted, water w< 
come from the overflow, but the check valve would - 
not open. If the injector was hot from leaky throttle ! 
or check valve, no vacuum could be formed in it, be- * 
cause it takes cold water to make the vacuum and with- 
out the vacuum the injector will not work. The hot 
water can be let out by slacking the hose nut. If the 
check valve leaks open the cock in the branch pipe, or 
if there is no cock slack one of the branch pipe joints 
to let the hot water out, close the cock and light- 
en the joint when the injector goes to work. Some- 
times a hot injector can be cooled by pouring cold 
water on it and its check valve — cooling the injector 
condenses the steam and aids in forming the vacuum. 
The opening in the steam nozzle of an injector is 
very small and sometimes becomes choked and must be 
cleaned out before the injeclor will work. A bent 
steam ram or a badly worn discharge valve will inter- 
fere with the proper working of an injector, or any- 
thing else that directs the steam away from the centre 
of the stream of water will cause the injector to work 
badly Sometimes injectors will work well while the 
engine is running at ordinary speed and will fly off 
while running fast ; this is caused by the swaying 
of the tender, especially in curves. The water i 
the tank inclines to rush toward the rear and breaks 
the stream of water while passing through the hose, 
by pulting a washer between the hose nut and feed 
pipe with a hole much smaller than the pipe, water 
will be held in the pipe while the tank is sway- 
ing until the body of water in the tank returns t( 
natural condition, and the stream of water will not be 
broken. Sometimes a contrary Seller's injector can be 



!mt to work by pulling the lever all the way back ; 
eave it open for a second or just long enough for steam 
to reach the tank, then close it ; in nine cases out of 
ten you can then make it lift the water and put it to 
work without further ceremony, even if the check 
valve does leak a little. 

BURST FLUE. 
If you can eel at the flue from the fire door, you can 
plug it without drawing the fire by getting a stick of 
wood long enough tn reach the flue and drive the stick 
into the flue ; the stick will burn off nearly up to the 
flue sheet, but will not burn inside of it. The stick 
should go into the flue not less than six inches. Or 
you can cover the fire dead, put the blower on a little, 
just enough to carry off the smoke from the fire box, 
then lay a board on top of the coal and crawl in, and 
if you have tools, caulk the flue, or plug it. Of course 
you cannot do this if there is an arch in the Are box. 

THROTTLE VALVE DISABLED. 
As soon as you find that you cannot close the throt- 
tle or prevent steam from entering the cylinders, if you 
have a high pressure of steam, the engine will be apt 
to slip its drivers. In this case do not use sand, but 
control the engine with the reverse lever until the pres- 
sure is reduced until the engine will not slip If much 
sand is used there is danger of damaging the machinery. 

BROKEN STEAM CHEST. 
If the engine receives its steam through ports lead- 
ing from the top of the cylinder, and the steam pipe is 
not connected to the steam chest. If the chest is 
broken and enough of the steam chest studs can be 
used you can block the steam passages and clamp the 
blocks with rail splices, after removing the valve rod, 
valve and main rod. If you cannot toh&* iIca v*** 
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tight, you can leave the train and run to nearest tele- 
graph office and report to headquarters condition of 
engine. 

ECCENTRIC ROD OR STRAP BROKEN. 
If the back motion eccentric rod or strap is broken, 
both eccentric rods and straps on that side must be 
taken off; but if only the forward motion is disabled 
the back motion rod and strap may be left on, pro- 
viding there is no danger of the eccentric becoming 
hot and not much running backward required, but in 
all cases when the back motion is allowed to remain 
take the link lifter off. or you will have trouble if you 
wish to reverse, the link will be apt to turn over. 

BROKEN VALVE YOKE OR VALVES DISABLED. 
The engine is moved until the cross head has moved 
half way along the guides, because the engine is then 
at its half stroke, then by moving the reverse lever the 
valve will move its extreme travel both ways unless 
the yoke is broken, in which case steam will come 
from the back cylinder cock only after steam is ad- 
mitted, the valve stem would push the valve ahead, 
but if the yoke was broken there would be nothing to 
draw the valve back, consequently the steam will 
not enter the front end of the cylinder. If valve stem 
is broken inside the steam chest it must be taken out 
and the stuffing box plugged, because pressure of steam 
would blow the stem out— you could not clamp it. 

VALVE BROKEN. 
Valves may sometimes not be broken so bad that 
they need be taken out of the chest. If they can be 
blocked so as not to allow steam to pass into the cyl- 
inder at either end you can leave the valve in the chest, 
but must disconnect and clamp the valve rod. 
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SADDLE PIN, LIFTER OR LIFTING ARM BROKEN. 
If you have not far to go and no reversing to do if 
either of these pieces are broken, you ran run alcng 
carefully to the shop without taking any thing down 
or blocking the links up ; you can do the same if you 
have a broken tumbling shaft or reach rod. 

BOTTOM ROCKER-ARM BROKEN. 
It will not be necessary to take the link off if it 
would clear everything within its reach ; in fact, if the 
link and its bearings are not much worn and you have 
not far to go. the eccentric rods and straps might re- 
main on, only the main rod must be removed, the 
ports covered and the valve stem clamped. 

TO FIND AN ENGINE CENTRE. 
The usual shop practice in finding an engine centre, 
say the front centre, is to move the engine ahead until 
the cross head is wilhin about one-eighth of an inch of 
the end of its travel at the front end. Mark on the 
guide where the cross head stops, open a pair of di- 
viders, say ten or twelve inches and from some point 
on the main driving wheel cover, scribe a line on the 
inner edge of the main tire, then move the engine over 
the centre until the cross head returns to the mark you 
made on the guide, then from the point you took on 
the wheel cover with exactly the same distance that 
you first made the line on the tire, scribe another line 
on the inner edge of the tire, then divide the space be- 
tween these lines, then with the dividers set as before 
with one point of the dividers resting on the same point 
-on the wheel cover, move the engine until the other 
point of the dividers comes to the middle line on the 
tire, the engine is then on its dead front centre. Re- 
peat this operation to find the back ce&ua. 
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DIVIDING VALVES, 
Valves should be divided at the points where the steam 
is cut off from the cylinder, and not at the points where 
the cylinder receives it. It is the quantity of steam 
that is used in the cylinder that makes the regular sound 
of the exhaust and not the lime that it enters the cyl- 
inder. You cannot get a valve to beat square unless 
yon divide it at the points ai which it cuts the steam 
off so as to make the valve close at equal distances 
from each end of the travel of the piston in the cylin- 
der, and the reason is ihat the valve travels faster at 
those points than at any other points. This matter is 
more fully explained in my diagram of valve motion 
accompanying the Ready Reference. 



SLIPPED ECCENTRIC. 
A very good way to set a slipped eccentric, if you 
are in a hurry, is to get the engine on its dead centre, 
as near as you can by the eye, and if the forward mo- 
tion is slipped, hook the reverse lever clear back, then 
clamp the valve stem so that the valve cannot move, 
then take out the bolt that connects the forward mo- 
tion eccentric rod to the link, then throw the reverse 
lever all the way ahead being careful that the valves do 
not move, then by moving the slipped eccentric until 
you can put the jaw bolt in, the eccentric will be near 
enough right to run in ; only be careful that the ec-cen- 
tricsare not in the same position on the axle, or you 
will have both set run backward — ope eccentric mus-t 
point up the other down. A back motion eccentric 
can be set in the same manner, only the reverse lever 
must be thrown ahead, then clamp the valve stem, 
then take the jaw bolt out of the back motion rod and 
move the back motion eccentric until the bolt will go 
in without moving the valve or rocker arm. When an 
engine is on its dead centre, the valve should be in ex- 



actly the same position when the reverse lever is in the 
extreme back notch as when in extreme forward notch ; 
so if the valve rod does not move while the pin is out 
and the reverse lever is being moved, the eccentric will 
be nearly right ; after the pin is put in the valve rod 
will move while the lever is being moved, but in the 
extreme notches will show that the rod is in exactly 
the same place. 

BROKEN CRANK PIN OR BROKEN PARALLEL 

ROD OR STRAP, 
When from any cause a parallel rod is taken off, the 
corresponding rod on the opposite side should also be 
removed, because the crank pins on one side of an en- 
gine are kept in position by the crank pins on the oth- 
er side while the engine is passing its centre, as there 
is no power exerted on the pins while passing centres, 
the power is all being used on the opposite side, conse- 
quently if a rod was left on, while the opposite rod wai 
off, the driving wheels with the rod on would lag be- 
hind the other drivers as the pin approached its centre, 
on account of having no rod on the other side to bring 
its wheel along with the others, a great strain would 
be put on the rod and the pin would not pass its cen- 
tre and a broken or bent crank pin or broken rod 
would be the result. 

SPRINGS, HANGERS OR EQUALIZER BROKEN. 

The object of raising the engine up at the back end 
is to relieve the weight on the driving springs and the 
object of blocking is to keep the engine level, so that 
water can be carried at proper height in the bniler. It 
is also to relieve the weight on the good springs and 
prevent them from being damaged. Wood is better 
than iron for blocking, because it is more elastic, and 
beside this it is not so apt to work, out c& ■^Na.t.t. 
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SETTING UP WEDGES. 
Engines should have steam up when wedges are be- 
ing adjusted, because the parts of the frames that lay 
against the fire box become hot and expand or get longer 
than when the boiler is cold ; for the same reason 
brasses should be lined or keyed, and valves should be 
divided while the engine is hot. Valves cannot be di- 
vided properly nor wedges or rods be correctly adjusted 
while an engine is cold, because of the expansion of 
the frames, besides this you will want steam to move 
the engine over the different points to see if all is right. 
The crank pins should be upward on the side that the 
wedges are being adjusted, because if the parallel rods 
were too long or too short and the pins were down- 
ward, or on the centres when the engine ran against 
the blocking under the driving wheels, the driving 
boxes would be held from pressing against the shoes 
the strain on the rod would, in some cases, prevent it. 
This could not occur if the pins were upward, for the 
bottom of the boxes would be sure to press the shoes; 
then by slacking all of the parallel rods each driving' 
box will be left free for its wedge to move the box and 
the wedge can be adjusted as desired ; in other words, 
if the pins were downwards and the rod prevented the 
wheel from moving, every driving wheel on that side 
would have to be slid on the track by moving the one 
wedge ; if the pins are up when the engine is moved 
against the blocks you put on the track for the drivers 
to run against, the wedges will all be free and all the 
wedge has to do is to roll its own driver on the track, 
providing always that the rods are free. Lost motion 
in wedge bolts should be taken up to prevent the wedge 
working upward and sticking fast. 

PARALLEL OR SIDE RODS. 

An engine is put on its parallel centre to line and 
key side or parallel rods, because at that point the 




crank pins cannot be keyed too far apart or too close 
together, the driving axles being held by their boxes 
prevent this. If these rods were keyed say with the 
pins upward, it would be easy to slip the wheels by 
keying, but when the centres of the pins and the cen- 
tres of the axles are all in a line with each other and 
all at equal heights from the track on the side that is 
being lined or keyed, it is almost impossible to go 
wrong, if a very Utile judgment is used, for at that 
point the spaces between the pins are a perfect caliper 
for the length of the rod and the exact distance that 
the pins should be from each other, even if a pin was 
a half inch higher than the others the difference could 
not be detected with a tram or any other measure- 
ment ; on any other point rods can l>e lined or keyed 
too long or too short ; on parallel centres this is im- 
possible, unless the pins or axles are bent or the pins 
are worn very much out of true, or that they are not 
at exact right angles with the pins on the other side of 
the engine ; but if any of these defects did exist, the 
greatest strain on the pins would be when the engine 
is on its parallel centre, and the wheels would accom- 
modate themselves to the defect by slipping on every 
other point except the centre. It is to remedy any of 
these defects that the engine should be tried on the op- 
posite centre after lining or keying 

The reason we begin to line or key side rods at the 
main pin, is that you can divide the liners better, get- 
ting the same thickness of brass and liner on each side 
of the pin and because the main pin gives the motion 
to the oiher pins. All the other brasses both ways 

L should be loose while the main pin brasses are being 
keyed. Begin at the main pin and follow up from it 
in rotation with the others — no matter how many rods 
are on that side. 
Do not confound the centre of ftie «\^««. ^nS&^us 




parallel centre. There are four centres on each side of 
every locomotive, two of them, the parallel centres, 
that is when the centres of ihe driving axles and cen- 
tres of the crank pins are all in a line, (whether they 
are back or forward,) and all the same height from the 
track. The engine centres are the |>oints at which the 
cross head is at the end of its travel at either front or 
back end of 1he guides, the exact dead engine centre 
being hall way between the point at which the cross 
head stops moving and the point at which it begins to 
move ; this centre can be found very nearly correct by 
the plan given on page 16. Ready Reference These 
centrts, however, are only needed for sitting eccen- 
trics or giving lead to valves. An engine can be got 
near enough by the eye lo key a main rod and it is on 
the engine centre, not ibe parallel centre, that the en- 
gine should be when the back end of main rod should 
be keyed, and for the reason that there is but little 
wear on the crank pins while the engine is passing its 
centre ; all crank pins become oblong on this account, 
and if brasses are keyed snug at points where the pins 
are most worn, they will be too tight while passinglhe 
centres where the wear is hardly perceptible. 

Cnrss head pins to which the front end of the main 
road is attached, have the heaviest strain and the most 
wear on them as the engine is leaving its centres, and as 
thtir brasses do not revolve on them they wear flat, 
so that when the engine is on its centres the brasses 
might be loose, while if the crank pins were up or 
down they might be too tight; for this reason the 
proper place to key the front end of a main rod is 
when the crank pin is down ; it would answer as well 
to key it with the pin up, but it is generally easier to 
get at with the crank down. If it is keyed too tight, 
you will either loosen the pin or break the crosi 






TIRES BROKEN. 
When tires are broken it does not matter which tire 
it is or how many drivers trie engine has. If the tire 
can be taken oft" the engine can be run s\owly to the 
shop by taking all the parallel rods off, only if it is the 
main tire the main rod must also be removed on that 
side. 

KNOCKS AND THUMPS. 
The reason the crank pin is placed upward when yon 
wish to find a knock or thump, is because the crank 
pin is freer to move at that point ; il the pin was down- 
ward the weight of the engine would have to be moved 
before you could find a thump in a driving box or 
frame; if the pin was on either of its centers you 
could get steam in onlv one end of the cylinder when 
the reverse lever is moved. 

EXTENDED SMOKE BOXES. 

aphrag 

it the 

front of the fire box. is to give more draught to the 
top flues. The lower the apron is the harder the 
draught acts on the lower flues. The exhaust fills the 
slack as it passes out of it, leaving a void or partial 
vacuum in the stack and part of the smoke box. TRe 
gases from the fire box rushes at once through the flues 
toward the point where the greatest vacuum exists in 
the smoke box — this point is at the lower edge of the 
apron — so the height of the apron as it regulates the 
height ol the vacuum, influences the draught in the 
upper or lower flues ; for a trial, one fourth of an inch 
is enough to raise or lower the apron at a time. This 
amount of change has a great effect on the fire. The 
sparks from the fire box of an engine having an extend- 
ed smoke box are thrown by the dtaa^c«.\t*a <oa Mfc- 
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tension out of reach of the vacuum and cannot rise un 
less the extension is nearly full. If the netting is ii 
good condition and properly fitted fine dust will be 
thrown but no large sparks. 



If-" 
r 



CONVEY OR DRAUGHT PIPE. 

The conditions of the convey, or what is sometimes 
called the petticoat pipe, are different to the apron in 
an extended smoke box. although both produce exact- 
ly the same effect on the draught, but while the apron 
has its vacuum at its lower edge only, the pipe has a 
vat uum above as well as below after each exhaust; so 
if the fire burns most at the front end of the fire box it 
shows that the pipe is too high and the greatest vacuum 
is at the bottom oi the pipe ; the top flues not having 
sufficient draught through them will fill up with ashes 
and coal and become choked, and a large amount 
of sparks will be apt to accumulate in the smoke bos ; 
so if the top flues become choked and you find many 
sparks in the smoke bos lower the convey pipe, but if 
the fire burns too fast at the back of the fire box and 
the lower flues become choked raise the convey pipe. 
Engines having convey pipes and spark arrester 
the stacks pulverize the sparks against the netting 
cones in the top of the stacks and after they become 
small enough to pass through the netting they are 
thrown out. Il an engine does not steam well that 
keeps its flues and front clean with a light fire the fault 
is not with the convey pipe, but most likely the ex- 
haust nozzles are too small. 

CARRYING WATER. 

After standing at a station or after running awhile 

without using steam and having the injectors at work, 

unless the safety valves are blowing, you cannot dt 

pend on having the full pressure of steam as shown o 



the gauge. The pressure is really there, but a great 
deal of it is only dead steam and as soon as you open 
the throttle the gauge will fall back and show less pres- 
sure, because the water in the boiler was made cooler 
by what passed through the injector and the steam 
used by condensation had robbed the boiler of that" 
much heat ; the pressure is nearly all retained, but the 
temperature being lower steam is not generated as rap- 
idly. The same feature of dead steam is presented 
■iter the fire is drawn ; the gauge may show a good 
pressure an hour afterward, but if you then build a new 
fire you will often find that the pressure will decrease 
uniil after the fire is well started and live steam is made. 
Do not place too much dependence on the water 
glass, especially when you first take hold of an engine, 
it may deceive you. Gauge cocks are the safest. Carry 
water in the boiler as high as you can ; the more water 
you can carry the better for steaming, because the solid 
body of water retains heat much better than the part of 
the boiler which contains only steam, for steam has no 
body, it is only a mixture of water and heat. The 
water is only a medium for conveying the heat ; it has 
no power in itself, all the power is in the heat which 
the water retains. The heat is conducted through the 
metal of the flues and fire box to the water. This pro- 
cess is called the conduction of heat. The water ex- 
pands as soon as the heat comes in contact with it and 
with heat in its atoms becomes lighter than the cold 
water above it, and the atoms charged with heat rise to 
the surface, each atom giving up part of its heat to the 
water through which it passes; this process is called 
the co miction of heat. After the water has become 
heated up to a temperature of 212° steam begins to 
form above its surface ; the atoms absorb more heat 
»nd then become very small elastic balls with more 
«pring in them than if made of india rubber , eacW£&. 



THE REASON WHY. 



doing its best to push iis neighbor away from it, and 
the hotter they get the more elastic they become and 
ultimately are so small that they are invisible, we then 
have high pressure steam, but it cannot be seen. No 
person has ever seen steam ; the vapor that is seen 
coming from safety valves or any other place where 
steam is made is only the remains of the water; these 
atoms or water dust being lighter than the air when 
first dischargee! float around in the air awhile then 
they unite with their own element and become invis- 
ible. The steam in a boiler is hotter than the water, 
but does not hold its heat as long as the water ; there- 
fore, in order to retain as much heat in the boiler as 
possible, it is best to utilize all the room in the boiler 
for water that is not needed for dry steam. Another 
point in having plenty of water in the boiler is that 
you are always prepared for failure of pumps or injec- 
tors, as well as other emergencies. 



A WORD TO YOUNG RUNNERS. 
One of the hardest things for a young runner to learn 
is the art of letting pretty good alone. He usually 
monkeys with his wedges, rods or convey pipe or some- 
thing that if let alone would answer a belter purpose. 
He cannot be too careful about oiling. I do not mean 
to wash the engine down with a half gallon at the be- 

fining of a trip and then letting her run until the bab- 
itt begins to fty, but at every station where there is 
time enough to put a few drops on every wearing sur- 
face and lay his hand on every such surface expecting 
to find it hot. Another thing he will find to be a great 
satisfaction to him is the thorough inspection of every 
part of the engine and tender before starling on a trip; 
it will give him more confidence while running, that 
he is going to get through all right, if he satisfies him- 
•elf that to the best of his knowledge the engine is ' 
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good condition before he starts and if anything should 
go wrong you will not have yourself to censure for 
want of careful examination. 
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STARTING A TRAIN. 

The reason that a train should not be started without 
having the reverse lever set at full stroke, is because 
there is a greater pressure on the valves when steam is 
first admitted to the steam chests than after the engine 
gets undeT headway ; while the engine is running and 
using steam a thin film of steam is between the valves 
and their seats all the time, so the valve is not in act- 
ual contact with the seat, and if the valves are allowed 
to move over a portion of their seats without having 
steam (which of itself acts as a lubricant.) or something 
to relieve the friction between them, the seats will in 
time become worn in trie centres ; for the same reason 
the lever should be placed at full stroke while the en- 
gine is drifting without steam to prevent, as much as 
possible, the wearing of the valve seats in the centre, 
and from wearing a rounding face on the valve. 

The reason why an engine saves steam by running 
with the throttle wide open and using the reverse lever 
to control the admission of steam to the cylinders, is 
that as the engine is cut back the lead on the valve in- 
creases and admits more pressure in the cylinder just 
where it is needed, that is when the engine is at its 
weakest point right after passing its centres and nearly 
ill of the full effective pressure of steam in the boiler 
remains in the cylinder nearly alt of the time that the 
valve remains open, a little before the valve closes, 
the pressure entering the cylinder becomes what is 
known as wire drawn or weak steam, the same thing 
occurs if you run with your throttle partly closed, the 
steam becomes wire drawn before it reaches the steam 
chest. 



\ 



If Ihe throttle is wide open almost all of the full effec- 
tive pressure of the boiler is always in the steam chest 
and that pressure is at the valve ready to give its fu" 
impulse up to the piston, and is more effective than 
the pressure was less and longer continued by having 
the throttle partly closed and having the valve travel 
farther. If you use steam in a cylinder until the pis- 
ton has traveled twelve inches, when the engine will 
do the work by the piston traveling but eight inches, 
you are wasting at least one- third of that extra steam, 
because you do not get the full effective pressure against 
the piston when it is most needed- If you strike a nail 
with a force of izo pounds it is driven farther than if 
struck with a force of 100 pounds. So is a piston 
driven with more force and a greater distance with 120 
pounds pressure than it is with 100 pounds pressure. 

Another point is that after a piston has moved five or 
six inches from the end of the cylinder not near as 
much steam is required to move the engine for the 
next third of the half revolution of the wheels, because 
the leverage on the driving wheel increases as the 
crank pin leaves its centre until the pin is up or down, 
the leverage decreasing gradually until the pin reaches 
the other center, but before you reach that point you 
have had the full benefit of all of the expansive force 
of 1 20 to 1 40 pounds of pressure, and it is well known 
that the higher the pressure the greater the expansive 
force of steam and by closing the throttle the motion 
of the piston takes the pressure out of the steam pipes 
faster than the throttle allows it to flow ; immediately 
after passing the center you want the highest initial 
pressure in the cylinder that you can get there, and 
when the steam has done its work in that end of the 
cylinder you want to get rid of it as soon as possible ; 
and the outside lead that is gained by the valve being 
cut back is also gained on the exhaust cavity ii 
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valve, and thus you begin to release the steam sooner 
than if you used the throttle instead of the reverse 
lever. Of course there is more compression of steam 
between the cylinder head and piston at the end of the 
stroke on account of increased lead, and the exhaust is 
somewhat choked, because the cavity of the valve does 
not open so wide when the engine is cut back, but 
four rr five inches of steam saved at each end of a cyl- 
inder more than makes up for all these losses. Your 
steam gauge will show that your engine will steam bet- 
ter with any train it can haul at maximum speed with 
valves cut back as far as circumstances will admit with 
throttle wide open, than with reverse lever two or 
three notches ahead, with the throttle partly closed. 



HINTS TO FIREMEN. 



pers and use them when 
e steam lhan you need the 
or il the engine will not 
light clear fire, close the front damper a 
if too much air is admitted the fire will 
needed to 



Watch your ash pan d, 
necessary. If you have rr 
dampers should 
steam will 
little, bees 
be chilled ; only a 
make a fire burn as it should, and if you wish to save 
coal, (and saving coal means easier work for the fire- 
man,) too much air is as bad as too little ; the reason 
of this is that the air contains a gas called oxygen 
and all coal used contains a gas called hydrogen 
and a substance known as earbun, and all three of 
these bodies (like every thing else in nature,) contain 
heat in themselves; when oxygen, hydrogen and car- 
bon are placed together they produce by friction what 
is known as caloric, which is the effect of heat, and 
the effect of heat on these three when united pro- 
duces what is known as combustion, and this com* 
bustion of fuel is going on all the time that it is ex- 
posed to the air. 
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Sometimes the friction becomes so great that it pro- 
duces enough of caloric to catch on fire, this is called 
spontaneous comhustion ; but as a rule no flame ap- 
pears until friction U added by means of a match which 
being made of highly inflammable materials is made by 
friction to produce the desired flame which in its turn 
communicates its friction to the other inflammable ma- 
terials to which it is applied and the friction increases 
constantly until the wnole mass is a fire burning con- 
tinually until one or the other of the ingredients is 
consumed ; in other words, the violent chemical action 
attending the combustion of the ingredients of the 
fuel with the oxygen of the air produces fire, the hy- 
drogen gas and atoms of carbon in the fuel uniting 
with the oxygen in the air produces the flame, the 
three elements united form what is known as carbureted 
hydrogen. Now, if more or less oxygen is admitted 
into the lire box than is needed to form a perfect mix- 
ture of these gases the combustion will be imperfect; 
too heavy firing or too much coal in the fire bux pro- 
duces the same effect and the gases without fljme is 
drawn by the exhaust out of the stack in the form of 
smoke. No rule can be laid down for the exact amount 
of air or the exact amount of fuel required, because 
different qualities of coal require varying quantities of 
air. Keep the fire bright ; you cannot make steam 
with a fire box and flues full of smoke. 

An intelligent fireman can soon see the amount 
of air the kind of coal he is using needs by watching 
when the greatest flame appears with the least smoke 
coming from the stack and can carry his fire and reg- 
ulate the dampers accordingly, always having a level, 
shallow fire and attending to it very often. Do not 
fire with large lumps of coal, break it to about thesi/.e 
of an egg, so you can keep your fire level and even in 
depth. 
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TIME AND SPEED TABLES. 
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DESCRIPTION OF DRAWINGS ACCOMPANYING 
READY REFERENCE. 

The best way to study the instructions given in the 
Ready Reference, is to have open before you the draw- 
ing of the parts on which you are seeking information. 
If you wish io study the working of the Westinghouse 
automatic or air brake, lay before you the two draw- 
ings relating to that special subject, one showing the 
engine and tender with brake and fixtures complete as 
they appear from the outside; take also the drawing 
that shows nothing but the-brake, its pump, reservoirs 
and other fixtures. Then on page 35, Ready Refer- 
ence, you can begin at the steam "engine and pump," 
and having the whole affair before you, you can trace 
the workings of the whole arrangement and become 
familiar with it from beginning to end in a short time. 

In the same manner you can study setting or di- 
viding valves : open the diagram of valve motion and 
on page 20, Ready Reference, you can follow up the 
directions there given, together with the explanation 
given on the diagram, and it will make valve dividing 
very plain to you. 

If you wish to understand the arrangements on the 
inside of an extended smoke box, take the drawing of 
the consolidation or eight-wheel connected engine 
showing that device : yon see a dotted line running at 
an angle from the top of the smoke box near the back 
part of the base of the smoke stack to the top of the 
exhaust pipe ; this dotted line then runs straight to the 
front of the smoke box, then at an angle upwards to 
the upper corner of the extension just under the head 
lamp. This line represents the wire netting or spark 
catcher. The line that is nearest the flue sheet shows the 
diaphragm with its apron, the use of which is described 
on page 32, Ready Reference, and page 23 of this 
book. On this drawing you also see \N\tt wrra.wjjasexs. 
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of the reverse lever, reach rod ami rumbling shaft w 
its lever and lifting arm. These, however, are shown 
more fully on the diagram of valve motion. The cyl- 
inder packing, shown in this drawing, is steam self-ad- 
justing packing. This engine has an injector. The 
fire box you will see rests on the frames of this engine, 
the object of placing the fire box on tcp of the frames 
is to allow greater width in the fire bos, thus allowing 
a greater surface for the fire and a larger grate surface 
for draught, a lighter fire can be carried and the fuel 
is consumed to greater advantage than in a nai 
fire-box. The arrangement of the throttle valve 
steam pipes inside the boiler are also shown in this 
drawing, also the main and parallel rods, the driving 
springs with their hangers, swords and equalizers and 
nearly all of the valve gear. 

The drawing of the consolidation engine, that has 
the boiler without the extended smoke box, shows the 
arrangement of the petticoat pipe The netting < 
spark catcher is known as the fish-basket spark arrest- 
er. 1'his engine has spring packing in its cylinders. 
The arrangement of the throttle valve and its levers, 
the dry pipe and main stem pipe are shown plainly, 
also the arrangement of the crown sheet with its bars 
and other stays inside the boiler ; instead of an inject- 
or a pump is shown on this engine. 

Now if you are studying the instructions given about 
the disablement of any part of an engine, or any othei 
thing, it is certainly a good plan to have that engine 
or thing to look at, for this reason it is best to refer to 
the drawings in every case. 
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